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(54) DATA TRANSMITTING AND RECEIVING METHOD OF MOBILE 
COMMUNICATION SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a mobile 
communication system in which a frequency utilizing 
efficiency is considerably improved by extending an operating 
limitation of a conventional mobile communication system. 
SOLUTION: Data transmission method in the mobile 
communication system is equipped with a transmission 
pathway multiplying means for extending Shannon Limit and 
an interference reducing means for extending an interference 
limit. More specifically, an M number of modulators and L 
number of transmitting antennas are provided at a 
transmission side. An L number of signals are produced by 
multiplying the M number of the modulated signals by a 
complex matrix comprising an M*L number of elements, so 
that the L number of the signals are transmitted from the L 
numbers of the antennae. 
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mmm t %mm & itt * &mwm >■ * x a t* -> x » 

±tBiit fi«o_hf a«ifc«T >ft*> 6 Mft s ■eamsfi-r i> wrw t yf 
sit .. 

ft ^.m 4 IBtt^ltlMft 3>x f AT* o T , ±f B»m»liLbSflr9S* WW S & 1 0V* 
JJHJB lW^7rli, JJEflrfB & 4HW L T Jill^±iaa¥4^^llfl^ffi^ L , 

A. 

ft 5 lEttO^lfiaft^Xx AT* -3 T , 

±IESfI^(i:±iaaficOfMilf|coai^ ^SWt-g.® 2 7rL _tiB«#flti»?)ffl:& 
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fJBrU 

4 fcfcUJH^OSOIStf^ Ltz^m ^ > dOHBDW^oaBWte jfi £ fc *^ t , _bf B 

^taswwaifcyG fcTSBe^asitssat-r* » t&iiff f- a . 

C 1**^10] 

[ m*jhii ] 

mmn i o leaoMff & r . 

Mffl<Z)±iB£f8Si:. LftOjJEry-rtSr^rU 
ft*H 1 0 !E*8<7)MftJ§"C"$> o T „ 

§mm i o im^mmmvh -o t . 

±IBSfi©3&^3iifiSixSiE^gfia*Dft^-tJ^ LT . 

±IB^'-y 7rl4±iG3SlS^^m^*ff±tT«S^JdEflr^B* ? 'J7U 

If 1 0 IB»<?)Mfi^T-£> X „ 
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it *ii 1 3 mmcmmm-cfc *> x . 

[ 11*1116 ] 

eat- s ssasfctJtt* f-^mmjmxh ~> x . 

±Ammm&*±Mm.<?>T y^-rt^mm^h z t zmmb-t&T-fmmjrm* 
tmm 1 6 sdMcoT-rmmir&Tfo -> x . 

§mt&^mx'foK>. 

[MS3H18] 

If *il 1 6 El^x — ^SSflMfffiT* o T , 

it *im 1 6 leacor- ^jum^t-^ -> r . 

[|f*3S20] 

lf*if 1 6 EMW-r - ^Saft^FffiT* o X , 

mMmm<mm^\mm, iMmmmcomm^y y*M- 1 ±msmmcommcor y^& 

[0001] 
[0002] 

[^*^sffi] 

1 9 8 0^£<7){it*6. OT'CT^n^'^fllSAMPS (Advanced Mob 
ile Phone Service), HftT'i AfETfT^OiKj^miS^-t'X^gH 

tmtfoztvfc. ztihcDT-rrt^mtmi^K ( ig> fcTOt^s. *«o&, s&2 

-ffifttutB^'ttfetLSTDMA (Time Division Multiple A 
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c c e s s ) Mt*J<f ■f ^mffSSt-t^l 9 9 O^ftfcJfflfcBffit&SftT 
1 9 9 l^fcJigfcWTGSM (Global System for Mobi 
le Communications)^^. 1 9 9 3^;{iH*Hl*lT'P D C (Pe 
rsonal Digital Cellular), it< 1 9 9 3^C*ItD- A 
MPS (Digital AMPS) ^ ( I S-5 4) ^-t'X^'UH^Stt. lift 
^BMUcO^^ihtz^ttz. ^LSftT. CDMA (Code Division 
Multiple Access) ^^SrSffl L?Z I S - 9 5 (cdmaOne) Jjft 
tfUffl-ffcStU 1 9 9 6¥K«5L *HP5r2A MtC 1 9 9 8^fcttlHrtTfc1^tf*3&lBI! 
ttSftfc. I S-9 5tcX-5"<^{i. MieTDMA^^)|g2mft (2G) fcKS'JL-T 
5i£ft (2. 5G) tmftlh^ti>fo&* ^LZ, 200 1^1 Oj^tCii, ffS3 
i&ft ( 3G) fcfiBo'ft^ftl. I MT- 2 0 0 03T5$<5D — OW-CDMACO^— b'Xj^B 
#HftTl!H^§ft6tMoTV->3 <> 
[0003] 

IC, ?^i«:ft^«)ffi«-r-fci>»4iSft?^Ki3iff (4G) tei*FttfcJK»5«»fcJ§SMl:L 
T^Tfc9. 10 0Mb i t/sSr-fe^SS^T-HIf^-S tS*D£ftT # 

/£„ 1 00Mb i t/s tV^fflftMSii I MT- 2 0 0 0O1 OOfMItltD. RR^> 

[0004] 

-&\,z\±**?f)%tc*)<r)\ — -9 IV b* -y bis - b R £ -f— b'X (c ffl V ^ ft £ i^X x 

Ajufes^wiiw^fflv^-c. *<^jtR/^*«aaw«iffl3!WkPf^ii:fc-r*. £fttt» 

. i^fi-fe^Sr £*fC#£>ft&Sfc*;b**y M^-Mcffi^U R/w«|t|iiiyXfA 

[00 0 5] 

mmmm$mcoKmTmi£. ^M^mmm^'r^^x^tb. mi 6fcsrr«ta 

No^ffiigt^S^PiiiLTV^-Ih^o^^S. Ebil WmT-'-flK'-ybfotz*) 

mmizsm^^)^-. Noimmm^mizM-t^mnm^mm^m-t, 2gzht-< 

i^/Mt, 2 . 5 GT'tiC D MAMt V 1 t e r b 1 ^cDfiSffl . 3 GTliT u r b o 
flr^tftffl^rifAWSEb/N o<7)ffiMSrHigL7t±SSffit#i.^ns. 
[0006] 

§ ftT <r tzffi L \ ^Kftj £Jffl# § ft? v ^ „ -e so— ofiT^'r -r ^Ti^-f?^ 

<7>&mxfoh» yy7^4 7'Tisjy>^i-%m^tzm^xmj}W;t:mi 7tz^rt. mm 
ii-m.. mm?— ?\zn unsnflHHt; 1 oo, ^houil, iftfcMn^ssM 

»ffi**2W*fcf3#£ftsj* (10 2) L„ T1^4«(cffiSL^Mfflc?)Mflryx-y- ( 1 0 
3- 1 — 1 0 3-M) #>£>5Mftf-£. 1 0 2l l Z&\^xmf&ffiWLtmET>-T 

t (io3-i- 103 -m) otafflMffij^^a^iSrtitt^t, £ft.*aMW-* i t t- 
. a . saw? fcrw fttna t tz Nmn&teT vm- (104-1 — 1 0 4 - n > 

TML*:fff-§r. aaa*flHRS36>ttfc±THl«-&JS (105)«. iOH*. 1 0 5 
tfe^T^-fS^t^flTyf-f (104-1 — 104-N) cDteBtWf^^Sfl^ft 

tt#£ t . i ft. MATT SifcT, a &^Mftffl¥« v * 4 3rfl|j&» £> OffiSft * J; 0 ft < sit 

u %coMco?jmfrhco'mwzzffittmz%mz< <-r& ± a t^-A ^ti s t 

[0007] 

£tz. fficoj^fi: LT. MI MO (Multiple-Input Multiple- 
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output) mms&cDmm&mf t>ti& <, hi stcM i Mo^ffli^di-^isfi^is* 

fi£>$: J ttL J t'ti% , l *i (cSEtlfl (101-1 — 101-M) Lfz±X\ TU-i mzfflMLtiM 

$wmmT>r-t (103-1-103 -m) tpa>&f£t& . ^MfflcoMftfi-^ e 
fi«sftr>^ ( 1 04 - i—i 04 -n) T^mLfzmnizMt. Mn^m^mmn 

ioi-1 — ioi -M-c^iHsn^fi-f-^jcEL^fi^^-r-i. - ta^rs -s . -e<iT\ 

ifL^MMofi-^sr, **i-WLam» 106-1-106 -M-emtwu amvsft-^fUK 

[0008] 
[0009] 

-oXLto, 

[0010] 

fflaBMiMo^i, mkommffizmm a^m^^t) *— <^ 

k arc* fit, JiiSiScfijffl^*«esc»^*«±-^;# < & . l#> u f?»am 
ymm-x^m^fih^x^^mmif^w-jiWmt. 3;% m i m 

[0011] 
[0012] 

[0013] 
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aav^-y^rfcWKU, *M3*ifcSfifi#fc*fU 8»SHS»a#fc£fTV\ jE«£« 
[0014] 

02 *^om-«n)*M*^. i*fift*H4. aewfip^ftsi ooct. amis 

oi-i — ioi -M-csnsfu ivnico^^iifi-^- (sewv-y^) 
. ssnsi o i - i—i o i -Rrefrssawi. f«it'i)j;i\ ±tz. mmm^it 
^com^izh^^vT^ ■ JUh-^mzmigscomzimt&zbT. lAfcooDsarcs 

ryft 103-1 — 103 - L^TiMft^fL-S . 1 0 9 tCT M 

-S>-^*itS#tfc«m"CJfe5«|{c3iyiS^LS. SflMTIi:. NlcOflTyft 1 0 4 - 

i—i o 4-N^m^x^m^titiNmco^mm^-izMLx . NxMi«ts»^=5: 

£t#s„ immvMmim (gmyy#» Ksttrawsii o 6-1-1 0 6-mk 
^■maoHtffv^ MffioaM3#£fe&. Mffl«fsira«^{i. juMsa-^ksi 0 7 

urn-? (Sftyy^vi-) t*ru ut^crtfmmxMmmmmzftdztTMmtotxm 

[0015] 

si 1 4 izmmnm^n^m 1 0 0 com^m^-t. m 1 4(4. ^-^mm^tz h <n 
xhh, )m^-9i±£^mmm^m\\^&2 oott, tR9«aj8P9*f«iirt-*. 

JJCfc^— 7}«Wrf« 2 0 1 tCT 2o<^WSWffl«a*^4f^S2 04, 206t^ 'J 
-'*2 0 5iZj:-oX%f^kZfL%f^mu , Yl, Y2£ffi7rf ■?>, ItCA^Wl^ ■ y'J7 
/I' ( P/S ) »2 0 2 tt-a^St tt^tS. f?(J 

[00 16] 

H4^IB^1 0 1-1 — 101 -MtT^W^^Jt^iW^cOflUi*^. Mfflc?)#^ 
ifflff-^(4-f-^ft-^D-l-D-M^SSJWt*fA$tL-S.^fi-^P- 1-P-M*^^ 

So r— ^ft#D-i— D-Mii. mmf-^izx^xft^fL&m-^x, mm^'—fizz 

^Xmtth, —73. MSfTf-P- 1— P-M(l ^X^A-C^^iX^ia^ft^-T. 
SlflfJlTM I MOflil^ 10 8. atMSiffltff 106-1 — 106 -MiZX^SM^M^W, 

m^b Lxm^t>ti&. 

[00 17] 

H 7 , Mia^aSfTMMffgP 1 0 9 ^i&ff Sr^T . - 1 — D - M ( P - 1 — P 

-m) {4MxL{H« : J**«m*^«^$ti-i»asfi : ^j [a] tsats^L, Lffl^ssm-^- 

T-l— T-LSr#S 0 <1<7)|^. a«tf^!l [A] ^AbSiBSj&s&S. T^'Tr- -f 7'71 
-f T>-x^i:[5]t#i.73T"^Plfi-§-D- 1— D-M (P-l— P-M) fc-P^TJ&fr^b" 
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TLA -3, Zcry^m. D-l—D-M (P-l~ P-M) jfigmWX'ftMX%%<%:~?X 

^miznif^mmnn [a] a. H3ssn.§)«iss^i c=i og 2( d e t < 

I + (Ps/Pn) (HA) (HA) *h)) ^SdzVcth kotiZbh CDt>m£ L 
t\ det ()(2?r?ljg£. P s {iMtt^Mfi^cOWttSk Pnfi^SftSS 

«*J, IfcWWafTflJ, ( ) " hJifTWc^aWtMEH^rfccst-r*. Sfc, H{± 

■cs*. c^m^t^^tz^ynnA&^ib^mm^mbLxii. km j) "2 

( i = 1 ~L, J = l~M ) fc-jeUfc-f-StWRorti-C, HR«PSr^a8^HI»WR« 
ftfeftT/t-^UXASfflVxh-triV^. 2 (Ai j ) ~ 2£— SSMfc-TStfXi. 3Hfi«?l£ 

4 . ?"J h tco v vt . fiffi-c- s h im& ± 6*1* v ^msa . fi^j [ a ] 
-j*7*-§>70mmt»t>ivr* mm^^^-^^m^tm^tiiz bb%h 

[0018] 

HsfcmrtaM 1 Mofspitg 1 0 s^iwtsr*-^ NUcogfirvT-t- 104-1 — 104 

-Nj&^COgflfl-f-R- 1— R-NtNXMOS«^iJ [B] SrStffU Mffl^MIMO 

airam-^D' -i-D' -M*a&. asfi^ij [b: a, jatw^aawfWMJt 

(ctt, flulEEI4 fcjSUfc3BIMi*P - 1 ~P -M$m^iifzl$.-?cDm.$ncommz%:Z,K< 
j£<^rl» iat: [B] *8B&**U*.J:n. £<ofc*>fcli, **^*fc,fc4l»**/M: 

f^MMSE (Minimum Mean Square Error) T/WJXi*^ 
[00 19] 

H 1 5 teffifSHtlfrK-*Hfc& 1 0 7 <oflli£0f fJCMts l 0 6 - l - 1 0 6 -MT-fl 

WSfUtSEftUfc— aWMS^Ii, y'J7^ ■ A^k^ ( S/P) ^Hf§2 1 2KU' , 
Yl' , Y2' *-#fl»»2 0 3fcT8re«yi££f-J\ ffi-^ISJUU' ' £ 

ft iTt &<, Z\ com. , 209t'fy?V-A'208, 21 U f'f^'J 

flp^fbss-c-f v-ymmtfMztixi^&m&a. mz^vrji- ■ r^v)V < s/p > 

[0020] 

jjll, emMffliz&tiif, MiMott\,zkhfcm&~?)v-f-it<7m^b, r/7t -f 

mcomm^<^-yx<h, m-ox, mitpxcoMm^ yhtemmm^it&zb 
xKMmznf & c\ b o-) w-rtLfr^ h l < n^cnmu^o z b xmmt& i t . 

[0021] 

H3^^B^m~^iU6M^^» sranwffcffl i o i . mmmmnm 1 o 

9. jMffT^T"^ 1 03-1-103-L, SfiT>T"M 04-1-104-N, MI 
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soisWteij^Tii. mimtt^t£Kfztt^m±^-y7T i i o £— u^s* ttu. . a v 

7 t 1 1 0 ^flfc^lifcL 'JrL-f^Wt&tiiZtimi^ 1 1 1-1-111-2C 
X^M^flh <, ZLCDM. QAM (Quadrature Amplitude M o d u 

1 at i on) 55rif<o^fi^iS^*tcJ:-5T8gftt*-y h^Rl*fc:3B(H-Si k*«SIS 

. A- 7 7r 1 1 o*^coM^tutw#. Rv^msmt^mmx ^jE^mtmm^tn 
) wl, ^-ewsBaiosapiB i n-i-in - Mfc»jcufcaai»i 12-1 

— 1 1 2-M(rrfliffl2TffiLA.y:7 7 l l 3taSR*HW4. ^»7ri l 3(2. — Ifr-f- 

fls»io7fca£'jaiu a-^fcWfr*-*. o atas 1 i4^T^fi«T-ftsn 

i t £l£att£ t , a v y r 1 1 3 Sr ? u r u #<o#^fc*fito«^fcffiji 4 . 

A'77rll 5fc«» iMBfi^-fbiS 1 0 7tci:i»fI-^M** s 3S^-^'-7-f b£2xT 

wn&tihtfi. mvmmi i4fr?>jEmz%mx't>fcz\tcr>mm i $>z>t, garnet 

[0022] 

B9tA' 7 7r 1 1 0fDfl!j£ffl£5^\ w^t#sl 1 O^^ffi^Sii^fiBw-f-^fi^ 

2 lfc:Jiifc»3S**l.4. —2k f?Sift!tflrfltt, R»fHLTKl'.**fe£»l 2 2 

/p) s^figsi 2 3fc«to-cM^tsn, lutecium 11-1-11 i-mz^^K 

[0023] 

a 5 friB^mfi 1 1 1 - i~i 1 1 -MsoiMt^^". ±K6 4qam, 1 6qa 

M, QPSKOift^^LTV^S. 6 4 QAMfii (bO, b 1, — , b5) «6b i 
ti- *tA6ttT64a i 7COb-yh £ I , QS *TO±cO 6 4 fif? •/ t° 

y^'LTffi^Jfi-f- 1 + J Q (^fli-'-ytfVW „ lUSt 1 6 QAMt'li ( b 0 , b 1 

, b2, b3)«4bitil 6*(C. QPSKT'ii (bO, b 1 ) C02b i tJ4*t 

[0024] 

H6tffiPSIl 12-1 — 1 1 2-M<7)i!lf££*-f\ H6T*i±l 6 Q AMcomScomftZ 

M&3mttliZ&\^l>fflWr?:$>&. (bO, bl, b2, b3)«4 

6. b0 = 0(3tfj&f-43a«3#j£, bO = lt=*tiW4SamS#^'3 , fefc-3i:t,i£v^ 
ftfc-tfL-WUBlU Sflfl-f-* (Sfl^tf/t-) K«ffilt«i«i«JlL, LOO 
, L 0 1 fti> . iOllS J; bO LtLOO " 2 - L 0 1 " 2* 

&J]-th^tT-1M.^£fto . b l~b3Kovvci>ra«-C&&„ 
[0025] 

HI 1 0 tclTieA ? 7rl 13 f9»j£0!£: . HuKflilSS 112-1 — 112 - McofSiS 

tSKtt. a-51/;k yij7;i (p/s) ^msi 2 4£ , r-as<oaama#wfc3Hii3*t4 
aet/tra— wfir^Htc^iawfi^s-x^y 1 2 6a»s>R»aiu Jn3t§si 2 7tct 

ffirtB^WU ■ y'JT/KP/S) 2 4^A>m^$^-jit0flPfl-t?iJfcjD* 

§*U SRX^U 1 2 6teS£ji>*l5. ^t'J 1 2 6t*i6ilfcaWIS**±, — Qfcik 

1 28«-9t^ ; E'J 1 2 6*»6K»ajS*L» iHlRS-WSl 0 7{cSSOaSS*l.*. n 
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[0026] 

ELL, ffi=tf>gg^£>S2HIffl<Z>»ff £0 1 01:, 55H««IWP*H1 lt^T. MfUMt 

fc^Tti. -w^tme^^-f^fi 1 ^ fif-^KSrifiS-ts ooo) . mzmm 
m*)mL®wz%v>h~f&$mnzi fctsww* ool) . st, esaskottmt 

JfctTglWftl 1 1 - 1-1 1 1 -VL"Cft-o3&ttt£&fct& (302) . n0g«iS 
^a^ff**tTV^V4Jr^B^)--9I*SllUTiS^ S (30 3) . «1«3&»6jE*« 

£■(4* n£ lii^LT (306) »-^fSSrS«LTfc< S. SftfMTIS , 5fifc5fei^» 

4-r. -w^#©^#i§^jE-rssfim^*JK^^ (3io)„ <5:i;f 

fi»031Ull»*^^Vhr4S»nSlt=%]BBft:r4 Oil). Be, fsSSM*© 
fcy6tT«S»l 12-1 — 11 2-M7^3fflH:^fc^43B(K^*SIS5&*-4 ( 3 

(313, 314). -efLiTtaaiufcisiitffl^T, flp^ffc^ta^fw* 
jEfitfc«^TST^*:wiBL 015) . «-^t**Tvxmra^*tiR£ffl* ois) 
u amwtotv^L-rjEffswttajai (319) u 31 otzmz. jE#t«-^*csT^ 

5r^fc*fc:l33gfc5mm-9<oaiSS:a»t5 (316, 317). iiT, 3EIKraS£8s£ 
[0027] 

ell, m-«wsM^j:ix(±\ -ft^mGLnmmizfrfr&mmt^m^mitz&tx 
s- h z. t izw s -r s . -r&*> *> . m i m o fiaw^ j^essiHfcwsT t > 

[0028] 

[ffcaj^H] 
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[0029] 

[02 ] *?miz&vz>m-comMM<7)ffi®M« 
[03] ^mmz&tf&m—commmcommm. 
[04 ] *a6BHtt3(ts^iim^-7^--v>y bcom. 

[05] #S^t;:i3{tS3^&?>iMe£* > $m 

[06 ] ^wmz&w&im^mftz^k-tm. 

[07 ] *%BH^feit§s»f?'j?mai^t6ff^*-f-0. 

[08 ] *36*tC*5tt*M I MOlXI)S^COMl^S:^-r0o 
[09 ] ^^om-^SIMMwMfifiJ^-.y 7 t<o«j&M, 

[010] ^ej^S? - ^H^J^gfUIP <77r <off J&FO . 

[011] ^ty^m^mmmvmmmmftyn-m. 

[012] *^<7)IS^c7)5l»J«SfS(liJK)^7n-ll| 0 

[01 3] ^wn<r)m~^mim\^m^\mmmmm, 
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(57) ABSTRACT 

This invention provides a mobile communication system 
which expanded the operation limitation of the heretofore 
adopted mobile communication systems and improved the 
spectrum efficiency greatly. A data transmission method for 
use in the mobile communication system of the present 
invention includes means for channel pluralizing by which 
to expand the Shannon limit and means for interference 
reduction by which to expand the interference limit. More 
specifically, a transmitting module comprises M units of 
modulators and L units of transmitting antennas, generates L 
units of signals by multiplying M units of modulated signals 
by a complex matrix consisting of MxL units of elements, 
and transmits the L units of signals from the L units of 
transmitting antennas. 
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DATA TRANSMISSION METHOD FOR A MOBILE 
COMMUNICATION SYSTEM 

BACKGROUND OF THE INVENTION 
[0001] 1. Field of the Invention 

[0002] The present invention relates to a data transmission 
method in a mobile communication system. 

[0003] 2. Description of Related Art 

[0004] Since an Advanced Mobile Phone Service (AMPS) 
was started in the United States at the beginning of 1980s, 
and since an automobile telephone service was started in 
major cities of Japan, the number of cellular mobile users 
has so far multiplied dramatically. Accordingly, mobile 
communication systems were required to have a large capac- 
ity enough to accommodate a great number of users and 
analog cellular services using a large -capacity backbone 
network were launched in 1988. These analog cellular 
services are called the first generation (1G). Thereafter, 
digital cellular mobile telephone services based on Time 
Division Multiple Access (TDMA), positioned as the second 
generation, were started in the early 1990s. In Europe, a 
Global System for Mobile Communications (GSM) was 
started in 1991. In Japan, a Personal Digital Cellular (PDC) 
service was started in 1993. In the United States, a Digital 
AMPS (D-AMPS) (IS-54) was launched in 1993. These 2G 
systems led to the current prosperity of mobile communi- 
cations. Somewhat later, an IS-95 (cdmaOne) system which 
adopted Code Division Multiple Access (CDMA) was put 
into practical use, and the IS-95 service was launched in 
South Korea and the United States in 1996 and also in Japan 
in 1998. Some calls the IS-95 based systems the second and 
a half generation (2.5 G) to differentiate them from the 
second generation (2G) TDMA systems. In October, 2001, 
a W-CDMA service, which is a system of IMT-2000, posi- 
tioned as the third generation (3G), was launched in Japan. 

[0005] Active efforts toward the next generation mobile 
communications, the fourth generation mobile communica- 
tions (4G) are also being made and a goal of realizing mobile 
communications in a 100 Mbps cellular environment has 
come to be recognized widely. The communication rate of 
100 Mbps is about 100 times as faster as the IMT-2000 and 
it is an important challenge how to achieve such a high 
transmission rate in as narrow a frequency band as possible 
in order to make effective use of finite resources of radio 
frequencies. 

[0006] Spectrum efficiency, the term which will be used 
hereinafter, is defined as follows. Through the use of total bit 
rate R per cell (or sector if the system is divided into sectors) 
and system frequency bandwidth W which is used in 
expanding service area on to surface, a ratio of R/W is 
referred to as the spectrum efficiency. If a 1-Hz frequency 
band is assigned to a mobile communication system, this 
spectrum efficiency corresponds to a maximum bit rate 
allowed for a user who occupies one cell or sector. Enhanc- 
ing the RAV ratio means enhancing the maximum bit rate 
that the system can provide to users. 

[0007] When viewing the above mobile communication 
systems which have heretofore been adopted by a measure 
of the spectrum efficiency, it will be understood that the 
spectrum efficiency RAV has been improved more as the 
generation advances, as is shown in FIG. 16. Also, it is 



indicated here that the spectrum efficiency improvement so 
far made to the mobile communication systems has a close 
relation to reduction in Eb/No required for the mobile 
communication systems. Eb denotes energy required to 
transmit one bit of data to be communicated and No denotes 
noise power density in the frequency band. It is reasonable 
that the reduction in the required Eb/No was achieved 
mainly by the following technologies: digitizing for 2G, 
CDMA and Viterbi code adopted for 2.5G, and Turbo code 
adopted for 3G. 

[0008] Further spectrum efficiency improvement is 
expected for 4G to be made by new technologies which have 
not been utilized positively in the 3G and earlier mobile 
communication systems. One of such technologies is utiliz- 
ing adaptive array antennas. A signal transmission method 
using the adaptive array antennas is depicted in FIG. 17. At 
the transmitting end, data to transmit is channel encoded 100 
and modulated 100 and the modulated transmit signal is 
multiplied by M units of complex weight factors, and 
thereby transmit beams are generated (102). The beams are 
transmitted from M units of transmitting antennas (103-1 
through 103-M). Each factor by which the transmit signal is 
multiplied during the beam forming 102 and the positions of 
the transmitting antennas (103-1 through 103-M) determine 
the pointing directions of the transmit beams. By controlling 
the pointing directions, the transmit beams can be config- 
ured to make radio beam emission power strongest in the 
direction toward the target receiver. At the receiving end, 
signals received by N units of receiving antennas (104-1 
through 104-N) which are arranged in an array are multi- 
plied by complex weight factors and added and combined 
(105). Each factor by which the received signals are multi- 
plied during the beam forming 105 and the positions of the 
receiving antennas (104-1 through 104-N) determine the 
pointing directions of receiving beams. By controlling the 
pointing directions, the receiving beams can be configured 
to make radio beam receiving power strongest in the direc- 
tion from the particular transmitter and relatively suppress 
radio beam receiving power in other directions. Thereby, the 
desired radio beam is made strong against interference 
beams. 

[0009] Another one of the above-mentioned new tech- 
nologies is utilizing Multiple-Input Multiple -Output 
(MIMO) propagation channels. A signal transmission/recep- 
tion method using the MIMO channels is depicted in FIG. 
18. Data to transmit is channel encoded 100 into M units of 
different signals which are then respectively modulated by 
modulators (101-1 through 101-M) and transmitted from a 
plurality of transmitting antennas (103-1 through 103-M) 
which are arranged in an array. The M units of transmit 
signals are mixed complexly through the propagation chan- 
nels and come to the receiving end. At the receiving end, 
signals received by N units of receiving antennas (104-1 
through 104-N) which are arranged in an array are multi- 
plied by a complex matrix of M rows by N columns (108), 
and thereby M units of signals are obtained. By configuring 
the complex matrix such that the signals mixed through the 
above propagation channels are separated each other, the 
signals corresponding to the signals modulated by the modu- 
lators 101-1 through 101-M can be output from the MIMO 
receiver 108. Then, the M units of signals are respectively 
demodulated by demodulators 106-1 through 106-M and 
decoded by a channel decoder 107, and thereby received 
data is obtained. In the above-described method, the M units 
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of different signals can be transmitted in parallel on the 
channels of the same radio frequency and communication 
with a high spectrum efficiency is considered achievable. 

[0010] However, in fact, spectrum efficiency improvement 
to a great degree cannot be expected by applying the 
above-discussed technologies to mobile communication. 
There is a theoretical limitation to the spectrum efficiency, 
which is called a Shannon limit. As is shown in FIG. 1, the 
spectrum efficiency achieved by the third generation 
W-CDMA system comes near to the Shannon limit. For 
further spectrum efficiency improvement, the operation 
point must be moved such that Eb/No increases with 
increase in R/W in the graph of FIG. 1. However, because 
of the presence of interference from other cells and sectors 
in mobile communication environment, there is a limitation 
by interference (an interference limit curve shown in FIG. 
1) in addition to the Shannon limit. It is indicated that the 
W-CDMA has achieved the spectrum efficiency near to the 
maximum spectrum efficiency within the limitation of 
mobile communication system operation defined by both the 
Shannon limit and the interference limit. In order to achieve 
further spectrum efficiency improvement, technology for 
expanding these limits is necessary. 

[0011] Application of the foregoing array antennas can 
make the desired radio beam strong against the interference 
beams and, therefore, this can make the level of the inter- 
ference limit up. Accordingly, the system operation limita- 
tion is expanded. However, as indicated by the Shannon 
limit curve shown in FIG. 1, R/W sharply rises when Eb/No 
increases up to 10 dB, but its rise becomes a little as Eb/No 
further increases from 10 dB to 40 dB. This indicates that 
powerful action for reducing interference is required to 
make a great improvement to the spectrum efficiency by the 
adaptive array antennas. 

[0012] On the other hand, the foregoing MIMO channels 
enable configuring a plurality of channels (channel plural- 
izing) and, therefore, this can expand the Shannon limit of 
the previous systems using a single channel in the R/W up 
direction in the graph of FIG. 1. Thus, the effect of improve- 
ment to the spectrum efficiency appears to be great. How- 
ever, because there is also the foregoing interference limit in 
mobile communication environment, the system operation 
available range defined by both the interference limit and the 
Shannon limit is not improved much after all even if the 
Shannon limit is expanded and the mobile communication 
system cannot take advantage of the effect using the MIMO 
channels. 

SUMMARY OF THE INVENTION 

[0013] It is therefore a first object of the present invention 
to provide a mobile communication system which expands 
the foregoing system operation limitation effectively and 
improves the spectrum efficiency greatly. A second object of 
the present invention is to control the operation point 
represented by the R/W vs. Eb/No curve in the graph of FIG. 
1 appropriately by tracking propagation channels which 
change in real time as mobile terminals move. 

[0014] The present invention can provide a data transmis- 
sion method by which the spectrum efficiency was greatly 
improved as compared with the data transmission methods 
carried out in mobile communication systems through the 
application of the previous technologies. Also, the invention 



can provide a data transmission method in which modulation 
modes and transmission rates are controlled appropriately 
for dynamic change of propagation channels. 

[0015] In order to solve the above-described problems, a 
data transmission method for use in a mobile communica- 
tion system of the present invention includes means for 
channel pluralizing by which to expand the above-men- 
tioned Shannon limit and means for interference reduction 
by which to expand the above-mentioned interference limit. 
More specifically, a transmitting module at the transmitting 
end comprises M units of modulators and L units of trans- 
mitting antennas, generates L units of signals by multiplying 
M units of modulated signals by a complex matrix consist- 
ing of MxL units of elements, and transmits the L units of 
signals from the L units of transmitting antennas. 

[0016] In order to achieve the foregoing second object of 
the present invention, the transmitting module comprises a 
channel encoding means, a buffer means, M units of modu- 
lation means, and L units of transmitting antennas, stores a 
code word encoded by the channel encoding means into the 
buffer means, serially reads part of the code word from the 
buffer means until a receiving acknowledge signal has been 
returned from the receiving end, modulates the part of the 
code word by the above M units of modulation means, 
generates L units of signals by multiplying M units of 
modulated signals by the complex matrix consisting of MxL 
units of elements, and transmits the L units of signals from 
the L units of transmitting antennas. A receiving module at 
the receiving end comprises N units of receiving antennas, 
M units of demodulation means, buffer means, and a channel 
decoding means, each time receiving part of a code word, 
serially stores the part of the code word into the buffer, 
sequentially executes channel decoding of the received 
signals thus stored, and returns the receiving acknowledge 
signal to the transmitting end when the signals are decoded 
normally. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1 is a graph representing spectrum efficiency 
and system operation limitation; 

[0018] FIG. 2 is a diagram showing the configurations of 
transmitting and receiving modules in a mobile communi- 
cation system according to a preferred Embodiment 1 of the 
present invention; 

[0019] FIG. 3 is a diagram showing the configurations of 
transmitting and receiving modules in a mobile communi- 
cation system according to a preferred Embodiment 2 of the 
present invention; 

[0020] FIG. 4 shows a modulated signal format example 
in the present invention; 

[0021] FIG. 5 is a diagram to explain the operation of 
modulators in the present invention; 

[0022] FIG. 6 is a diagram to explain the operation of 
demodulators in the present invention; 

[0023] FIG. 7 is a diagram to explain the operation of a 
complex matrix operation unit in the present invention; 

[0024] FIG. 8 is a diagram to explain the operation of a 
MIMO receiver in the present invention; 
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[0025] FIG. 9 shows a configuration example of a buffer 
at the transmitting end according to Embodiment 2 of the 
present invention; 

[0026] FIG. 10 shows a configuration example of a buffer 
at the receiving end according to Embodiment 2 of the 
present invention; 

[0027] FIG. 11 is a flowchart of operation flow at the 
transmitting end in Embodiment 2 of the present invention; 

[0028] FIG. 12 is a flowchart of operation flow at the 
receiving end in Embodiment 2 of the present invention; 

[0029] FIG. 13 shows an example of control for the 
number of modulation levels in Embodiment 2 of the present 
invention; 

[0030] FIG. 14 shows a channel encoder configuration 
example in the present invention; 

[0031] FIG. 15 shows a channel decoder configuration 
example in the present invention; 

[0032] FIG. 16 is a graph of spectrum efficiency by the 
heretofore adopted mobile communication systems; 

[0033] FIG. 17 shows configuration examples of trans- 
mitting and receiving modules using adaptive array antennas 
(prior art example 1); and 

[0034] FIG. 18 shows configuration examples of trans- 
mitting and receiving modules using MIMO channels (prior 
art example 2). 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0035] FIG. 2 shows the configurations of transmitting 
and receiving modules in a mobile communication system 
according to a preferred Embodiment 1 of the present 
invention. A transmit signal is channel encoded by a channel 
encoder 100 and serial-parallel converted into M units of 
signals. These M units of signals are modulated by modu- 
lators 101-1 through 101-M into M units of complex modu- 
lated signals (modulated symbols). The modulators 101-1 
through 101-M may perform multilevel modulation if appro- 
priate. In view of reduced circuitry scale, it may also be 
preferable to configure the transmitting module such that a 
serial-parallel converter which is present at the output of the 
channel encoder in this embodiment is moved to the post 
stage of a single modulator. The single modulator modulates 
transmit signals serially into M units of complex modulated 
signals (modulated symbols) and the serial modulated sig- 
nals are serial-parallel converted into signals to be supplied 
to a complex matrix operation unit which will be described 
later. These M units of complex modulated signals (modu- 
lated symbols) are multiplied by a complex matrix consist- 
ing of MxL units of complex factors in the complex matrix 
operation unit 109 and thereby L units of complex signals 
are obtained. The L units of complex signals are transmitted 
by L units of transmitting antennas 103-1 through 103-L. At 
this time, the M-units of modulated signals are beam formed 
in the complex matrix operation unit 109 so that the L units 
of signals multiplied with different complex weight factors 
are transmitted in parallel from the L-units of transmitting 
antennas. At the receiving end, N units of signals received 
through N units of receiving antennas 104-1 through 104-N 
are multiplied by a complex matrix consisting of NxM units 



of complex factors in a MIMO receiver 108 and thereby M 
units of complex signals (received symbols) are obtained. 
The M units of complex signals (received symbols) are 
respectively demodulated by demodulators 106-1 through 
106 -M into M units of demodulated signals. The M units of 
demodulated signals are input to a channel decoder 107, 
channel decoded, and output as received data. In view of 
reduced circuitry scale, it may also be preferable to config- 
ure the receiving module such that the above M units of 
complex signals (received symbols) are demodulated seri- 
ally by a single modulator into M units of demodulated 
signals which are in turn serially supplied to the above 
channel decoder 107. Here, either of the transmitting end 
and the receiving end may be either a base station or a 
mobile station. 

[0036] FIG. 14 shows a configuration example of the 
above channel encoder 100. The channel encoder shown in 
FIG. 14 uses turbo encoding. First, means for adding error 
detection code 200 adds error detection code to data to 
transmit. Then, the data to transmit is input to a turbo 
encoder 201 in which two recursive systematic convolu- 
tional encoders 204 and 206 and an interleaver 205 encode 
the data into code words U, Yl, and Y2 which are output 
from the turbo encoder. Moreover, a parallel-serial (P/S) 
converter 202 converts the code words into serial code 
words which are in turn output. At this time, it is desirable 
to perform interleaving the output bit sequences at the same 
time. 

[0037] FIG. 4 shows the structures of the signals modu- 
lated by the modulators 101-1 through 101-M. The M units 
of modulated signals each contain data signals D-l through 
D-M and reference signals P-l through P-M which are 
inserted at given intervals. The data signals D-l through 
D-M are generated by the data to transmit and change, 
according to the data to transmit. On the other hand, the 
reference signals P-l through P-M are known signals deter- 
mined by the system and used by the MIMO receiver 108 
and demodulators 106-1 through 106 -M at the receiving end 
as reference signals for demodulation. 

[0038] FIG. 7 explains the operation of the above com- 
plex matrix operation unit 109. The modulated signals D-l 
through D-M (P-l through P-M) are multiplied by the 
complex matrix [A] which consists of MxL units of complex 
factors and thereby L units of complex signals T-l through 
T-L are obtained. For this operation, the complex matrix [A] 
must be obtained. If the modulated signals D-l through D-M 
(P-l through P-M) are separately beam formed in the same 
concept as for adaptive array antennas, the vectors of the 
columns in the resultant matrix [A] have a same value. As 
a result, it becomes impossible to separate D-l through D-M 
(P-l through P-M) at the receiving end. Thus, the conven- 
tional beam forming concept cannot be applied to obtaining 
the matrix [A]. It is desirable to determine the complex 
matrix [A] in the present invention so as to maximize 
channel capacity to be achieved C=log 2 (det (I+(Ps/Pn) 
(HS) (HA) A h)). Here, det ( ) denotes determinant, Ps 
denotes average power for the Munits of transmit signals, Pn 
denotes average received noise power, I denotes identity 
matrix, and ( ) A h denotes complex conjugate transposition 
of the matrix. H can be expressed with a complex matrix of 
LxN units which is a propagation matrix between the L units 
of transmitting antennas and the N units of receiving anten- 
nas. As a concrete method of obtaining the matrix A for 
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maximizing C, a commonly used maximizing algorithm 
with a nonlinear function of several variables should be 
used, constrained by that 2 (Aij) A 2 (i=l to L, j=l to M) be 
a constant value. 2 (Aij) A 2 is to be constant because the 
transmitting power must be set constant. To obtain the 
matrix H which is information about the MIMO propagation 
channels, the most conceivable way is posting results of 
observing the channels at the receiving end to the transmit- 
ting end. However, if bidirectional communication channels 
exist, one for transmission and the other for reception, it is 
also possible to derive the propagation channels matrix H by 
observing the signals in the backward direction. If no 
reliable information about the propagation channels matrix 
H can be obtained, it is possible to generate the matrix [A] 
randomly. In this case, the beam forming effect of the 
adaptive array antennas cannot be obtained, but only the 
effect of transmitting diversity is obtained. 

[0039] FIG. 8 explains the operation of the above MIMO 
receiver 108. The received signals R-l through R-N from the 
N units of receiving antennas 104-1 through 104-N are 
multiplied by the NxM complex matrix [B] and thereby M 
units of signals D'-l through D'-M output from the MIMO 
receiver are obtained. Here, the complex matrix [B] is 
constituted to separate the M units of modulated signals 
which were mixed together in the complex matrix operation 
unit at the sending end and through the propagation chan- 
nels. Specifically, the matrix [B] should be determined to 
match as closely as possible with the known signals which 
must have been transmitted as the reference signals P-l 
through P-M shown in the above FIG. 4. To do this, a 
Minimum Mean Square Error (MMSE) algorithm which 
minimizes the noise and interference effects should be 
applied. 

[0040] FIG. 15 shows a configuration example of the 
above channel decoder 107. A series of received signals 
demodulated by the demodulators 106-1 through 106-M is 
separated into U', Yl', and Y2' by a serial -parallel (S/P) 
converter 212 and the U', Yl', and Y2' signals are decoded 
by a turbo decoder 203 and decoded results U" are output. 
As the signals are decoded by repeated decoding through a 
series of decoders 207, 209, interleavers 208, 211, and a 
deinterleaver 210, receiving errors involved in the signals 
are corrected. If the channel encoder at the sending end 
performs interleaving of output bit sequences, the above 
serial-parallel (S/P) converter 212 also performs corre- 
sponding deinterleaving. 

[0041] The mobile communication system according to 
the above -described Embodiment 1 of the invention can take 
advantage of both the channel pluralizing effect by using the 
MIMO channels and the interference reduction effect by 
using the adaptive array antennas and provides the data 
transmission method for mobile communication in which 
the spectrum efficiency was improved greatly as indicated 
by a "4G" point indicated in FIG. 1. However, according to 
the conditions of the propagation channels, the operation at 
the target point level is not always achieved. For example, 
if the vectors of the rows in the propagation channels matrix 
H of the MIMO propagation channels comes to have stron- 
ger interrelations and the parallellity of the channels, in other 
words, the number of parallel channels decreases, then 
components are weighted on the vectors of some of the 
columns in the matrix A and the channel pluralizing effect is 
reduced. In such cases, conversely, the beam forming effect 



becomes easy to obtain and, consequently, the interference 
reduction effect becomes greater. It is therefore desirable to 
shift the operation point in FIG. 1 to the right, that is, to 
increase Eb/No. This can be accomplished by increasing the 
number of modulation levels and/or decreasing the redun- 
dancy by increasing the encoding rate. 

[0042] Next, FIG. 3 shows the configurations of transmit- 
ting and receiving modules in a mobile communication 
system according to a preferred Embodiment 2 of the 
present invention. The channel encoder 100, complex matrix 
operation unit 109, transmitting antennas 103-1 through 
103-L, receiving antennas 104-1 through 104-N, MIMO 
receiver 108, and channel decoder 107 operate the same as 
described in Embodiment 1. In Embodiment 2, a channel 
encoded code word is temporarily stored into a buffer 110. 
The code word bits stored in the buffer 100 are read 
sequentially and modulated by modulators 111-1 through 
111-M. For modulation, it is desirable to modulate a plural- 
ity of bits simultaneously by multilevel modulation such as 
Quadrature Amplitude Modulation (QAM). Reading the 
code word bits from the buffer 110 and modulating them are 
repeated until a receiving acknowledge signal has been 
returned from the receiving end. At the receiving end, 
signals (received symbols) output from the MIMO receiver 
108 are respectively demodulated by demodulators 112-1 
through 112 -M corresponding to the modulators 111-1 
through 111-M at the transmitting end and demodulated 
signals are sequentially stored into a buffer 113. The buffer 
113 outputs the received signals stored therein which are a 
part of an encoding unit to the channel decoder 107 even 
before the reception of the encoding unit is complete, and 
decoding is tried. An error detector 114 checks the decoded 
results, using the error detection code which was added at 
the transmitting end and notifies the transmitting end of the 
result of the check. When it is detected that the signals in one 
coding unit have been received correctly without errors, the 
buffer 113 is cleared and becomes ready for the next coding 
unit. A buffer 15 stores the decoded signals which are 
sequentially overwritten with the signals decoded by the 
channel decoder 107 and output them as received signals 
when it is notified of correct reception from the error 
detector 114. 

[0043] FIG. 9 shows a configuration example of the buffer 
110. Code words in one unit of encoding output from the 
encoder 100 are sequentially written into the memory 121, 
according to address generated by a write address generator 
120. On the other hand, the written code words are sequen- 
tially read from the memory, according to address generated 
by a read address generator 122, parallelized by a serial- 
parallel (S/P) converter 123, and supplied to the above 
modulators 111-1 through 111-M. If a receiving acknowl- 
edge signal is not returned from the receiving end after 
whole of code word of coding unit has been sent to the 
modulators, then the code word stored in the memory 121 is 
read again and re-sent to the modulators. At this time, it is 
desirable to change the sequence of the addresses generated 
by the read address generator 122. Thereby, signal quality 
difference per bit of the code word can be equalized. 

[0044] FIG. 5 explains the operation of the above modu- 
lators 111-1 through 111-M. The top matrix is 64 QAM 
mapping, the middle one is 16 QAM mapping, and the 
bottom one is QPSK mapping. In the 64 QAM mapping, for 
a set of six bits (bO, bl, . . . , b5), 64 bit combinations are 
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mapped onto 64 points on the IQ complex plane and output 
signal I+jQ (modulated symbol) is obtained. Similarly, in the 
16 QAM mapping, mapping four bits (bO, bl, b2, b3) onto 
16 points is performed. In the QPSK mapping, mapping two 
bits (bO, bl) onto four points is performed. 

[0045] FIG. 6 explains the operation of the demodulators 
112-1 through 112 -M. FIG. 6 explains a principle of how a 
16 QAM modulated signal is demodulated and the same 
principle applies to other modulation schemes. Four bits (bO, 
bl, b2, b3) are demodulated as follows. For bO, among 
modulated signal points with b0=0, a point nearest to a 
received signal point (received symbol) marked with a 
square point in the figure is selected and its distance LOO 
from the received signal point is measured. Similarly, among 
modulated signal points with b0=l, a point nearest to the 
received signal point is selected and its distance L01 from 
the received signal point is measured. From these results, 
L00 A 2-L01 A 2 is output as likelihood of received signal bO 
and bO is demodulated. For bl to b3, the same operation is 
performed. 

[0046] FIG. 10 shows a configuration example of the 
above buffer 113. The signals demodulated by the above 
demodulators 112-1 through 112-M are converted into a 
sequence of the demodulated signals by a parallel-serial 
(P/S) converter 124. Meanwhile, the demodulated signals of 
the same code word received so far are read from the 
memory 126, according to address generated by a write 
address generator 125, added to the sequence of the demodu- 
lated signals output from the above parallel-serial (P/S) 
converter 124 in an adder 127, and stored again into the 
memory 126. The demodulated signals stored in the memory 
126 which are a part of an encoding unit are read from the 
memory 126, according to a read address generator 126, and 
sent to the channel decoder 107, even before the reception 
of the encoding unit is complete. When the error detector 
114 detects that the code word has been decoded without 
errors and supplies a decoding complete signal to the buffer, 
the memory 126 and the write address generator 125 are 
initialized and become ready for receiving the next code 
word. As a matter of course, the write address generator 125 
and the read address generator 128 shown in FIG. 10 must 
have inverse relation to the write address generator 120 and 
the read address generator 122 shown in the above FIG. 9. 

[0047] The operation flow at the transmitting end in 
Embodiment 2 is explained in FIG. 11 and the operation 
flow at the receiving end is explained in FIG. 12. At the 
transmitting end, the first step is encoding data in one unit 
of encoding and generating a code word (300). Then, a 
transmission count variable n is initialized to 1 (301). A 
modulation mode to be performed by the modulators 111-1 
through 111-M is determined, according to the channel 
conditions (302). Part of the cord word which has not yet 
been transmitted n times is modulated and transmitted (303). 
If an acknowledge signal is returned from the receiving end, 
the procedure returns to step 300 and the next code word is 
generated. If not, the procedure returns to step 302 and the 
remaining part of the code word is transmitted. When the 
transmission of the code word has been completed for the 
nth time, the variable n is incremented by one (306) and the 
code word is transmitted again. At the receiving end, in 
advance of receiving, the first step is clearing the likelihood 
of received signals corresponding to a code word in one 
coding unit (310). Then, a reception count variable n is 



initialized to 1 (311). A modulation mode which corresponds 
to a demodulation mode to be performed by the demodula- 
tors 112-1 through 112-M is determined, according to the 
channel conditions (312). Part of a code word received is 
demodulated and the likelihood of the demodulated signal is 
combined with the likelihood calculated for so far received 
signal (313, 314). Using the so far demodulated signals, it is 
judged whether the data in the whole of coding unit have 
been decoded correctly (315). If the data in the whole of 
coding unit have been decoded, the decoded data is output 
(318), the acknowledge signal is returned to the transmitting 
end (319), and the procedure returns to step 310. If the data 
in the whole of coding unit have not been decoded correctly, 
demodulation of received signals is continued (316, 317). 
Here, when determining a modulation mode, by referring to 
instantaneous channel quality, it would be reasonable to 
select a modulation mode with a great number of modulation 
levels if the quality is good; otherwise, select a modulation 
mode with a small number of modulation levels if the quality 
is poor. More simply, as is show in FIG. 13, it may also be 
preferable to determine a modulation mode according to 
how much part of the code word or amount of code word has 
been transmitted so far. Based on the principle according to 
FIG. 13, modulation levels can be controlled simply. If 
transmission is completed with small parts of code word, 
then it would be equivalent to achieving the transmission 
with a high number of modulation levels on average. The 
equivalent number of modulation levels actually decreases 
as the portions of code word transmitted increases. That 
transmission is completed with small portions of code word 
means propagation channel quality is good. If the transmis- 
sion of greater portions of code word is needed, it means 
propagation channel quality is poor. Modulation level con- 
trol based on the principle according to FIG. 13 can be 
expected to produce the effect equivalent to modulation 
mode change control according to propagation channel 
conditions. 

[0048] According to Embodiment 2, time required to 
transmit one unit of encoding automatically changes, 
according to propagation channel conditions, and, as a 
result, the operation point indicated in FIG. 1 would have 
been controlled appropriately. However, if the number of 
parallel transmission channels as the MIMO propagation 
channels decreases, it is desirable to increase the number of 
modulation levels and the encoding rate as is the case for 
Embodiment 1. In the present embodiment 2, the transmis- 
sion of a code word continues until the receiving end 
acknowledges the code word reception and, consequently, 
the encoding rate is controlled appropriately. For instance, if 
decoding of only part of a code word transmitted is suc- 
cessful, redundant code word transmission is avoided and 
the encoding rate is high. For instance, if code word decod- 
ing is successful only after repeated transmission of the code 
word, the encoding rate is low. Meanwhile, it is desirable to 
control the number of modulation levels in the same manner 
as in Embodiment 1. Specifically, if the number of parallel 
transmission channels as the MIMO propagation channels 
decreases, it is desirable to increase the number of modu- 
lation levels. This is, in effect, equal to controlling a thresh- 
old in changing modulation mode if in use with modulation 
level control according to FIG. 13. If the number of parallel 
transmission channels as the MIMO propagation channels 
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decreases, the threshold in the number of code words to be 
transmitted should be set high so as to reduce the number of 
modulation levels. 

What is claimed is: 

1. A mobile communication system comprising a trans- 
mitting station and a receiving station, said transmitting 
station comprising: 

a plurality of modulators; 

an encoder which encodes data to transmit into a code 
word, separates the code word into a plurality of 
signals, and outputs the plurality of signals to said 
plurality of modulators; 

an operation unit which performs beam forming of trans- 
mit signals modulated by said plurality of modulators 
in order to transmit the transmit signals from a plurality 
of antennas; and 

a plurality of antennas, said receiving station comprising: 

a plurality of antennas which respectively receive the 
signals transmitted from said plurality of antennas of 
said transmitting station; 

a MIMO receiver which separates said plurality of signals 
from the signals input from said plurality of antennas; 

a plurality of demodulators which demodulate the plural- 
ity of signals output from said MIMO receiver; and 

a decoder which decodes said plurality of demodulated 
signals. 

2. The mobile communication system according to claim 
1, wherein: 

said transmitting station has M units of said modulators 
and L units of said antennas; 

said operation unit multiples M units of signals input from 
said modulators by a complex matrix consisting of 
MxL units of elements; and 

said complex matrix is settled, according to conditions of 
propagation channels between the plurality of antennas 
of said transmitting station and the plurality of antennas 
of said receiving station. 

3. The mobile communication system according to claim 
1, wherein an encoding rate of said encoder is fixed, accord- 
ing to conditions of the propagation channels between the 
plurality of antennas of said transmitting station and the 
plurality of antennas of said receiving station. 

4. The mobile communication system according to claim 
1, wherein said modulators perform multilevel modulation. 

5. The mobile communication system according to claim 
4, wherein: 

said transmitting station includes a first buffer to store said 
code word; 

said first buffer divides said code word into bits and 
sequentially outputs the bits to said plurality of modu- 
lators; 

in response to a receiving acknowledge signal transmitted 
from the receiving station, said first buffer outputs to 
said modulators are stopped and said code word stored 
is cleared from the buffer; 



said encoder outputs a code word following said cleared 
code word to said first buffer; and 

said receiving acknowledge signal indicates that received 
signals in a complete unit of encoding have been 
decoded normally on said receiving station. 

6. The mobile communication system according to claim 

4, wherein: 

the number of levels of modulation to be performed by 
said modulators is controlled, according to parallellity 
of MIMO propagation channels between the plurality 
of antennas of said transmitting station and the plurality 
of antennas of said receiving station. 

7. The mobile communication system according to claim 

5, wherein: 

said receiving station includes a second buffer to store 
outputs of said plurality of demodulators, a third buffer 
to store outputs of said decoder, and an error detector; 

said decoder sequentially reads signals stored in said 
second buffer, decodes the signals, and output the 
decoded results; 

said error detector judges whether the signals in the 
complete unit of encoding have been decoded normally 
from said decoded results; 

if the signals in the complete unit of encoding have been 
decoded normally, said error detector sends said receiv- 
ing acknowledge signal to said transmitting station; and 

said third buffer outputs the decoded results stored 
therein. 

8. The mobile communication system according to claim 
5, wherein: 

said plurality of modulators reduces the number of modu- 
lation levels of said multilevel modulation, if the num- 
ber of code word bits output from said first buffer or the 
number of symbols modulated by said plurality of 
modulators for each code word exceeds a predeter- 
mined criterion value. 

9. The mobile communication system according to claim 
8, wherein: 

said predetermined criterion value is changed, according 
to circumstances of the propagation channels between 
the plurality of antennas of said transmitting station and 
the plurality of antennas of said receiving station. 

10. A transmitting station with a plurality of antennas 
which transmits data on a plurality of transmission channels 
to a receiving station with a plurality of antennas, said 
transmitting station comprising: 

a plurality of modulators; 

an encoder which encodes data to transmit into a code 
word, separates the code word into a plurality of 
signals, and outputs the plurality of signals to said 
plurality of modulators; 

an operation unit which executes arithmetic operation for 
giving pointing directions of transmit beams to a plu- 
rality of transmit signals modulated by said plurality of 
modulators; and 

the plurality of antennas from which signals output from 
said operation unit are transmitted to said receiving 
station. 
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11. The transmitting station according to claim 10, 
wherein: 

said transmitting station has M units of said modulators 
and L units of said antennas; 

said operation unit multiples M units of signals input from 
said modulators by a complex matrix consisting of 
MxL units of elements; and 

said complex matrix is settled, according to conditions of 
propagation channels between the plurality of antennas 
of said transmitting station and the plurality of antennas 
of said receiving station. 

12. The transmitting station according to claim 10, 
wherein an encoding rate of said encoder is fixed, according 
to conditions of the propagation channels between the 
plurality of antennas of said transmitting station and the 
plurality of antennas of said receiving station. 

13. The transmitting station according to claim 10, 
wherein: 

said transmitting station includes a buffer to store the code 
word output from said encoder; 

said buffer divides said code word into bits and sequen- 
tially outputs the bits to said plurality of modulators; 

in response to a receiving acknowledge signal transmitted 
from the receiving station, said buffer outputs to said 
modulators are stopped and said code word stored is 
cleared from the buffer; 

said encoder outputs a code word following said cleared 
code word to said buffer; and 

said receiving acknowledge signal indicates that received 
signals in a complete unit of encoding have been 
decoded normally on said receiving station. 

14. The transmitting station according to claim 10, 
wherein: 

said plurality of modulators perform multilevel modula- 
tion; and 

the number of levels of the multilevel modulation is 
determined, according to parallellity of the propagation 
channels between the plurality of antennas of said 
transmitting station and the plurality of antennas of said 
receiving station. 

15. The transmitting station according to claim 13, 
wherein: 

said plurality of modulators perform multilevel modula- 
tion; and 

the number of levels of the multilevel modulation is 
reduced, if the number of code word bits output from 
said buffer or the number of symbols modulated by said 
plurality of modulators for each code word exceeds a 
predetermined criterion value. 



16. A data transmission method for use in a transmitting 
station with a plurality of antennas which transmits data on 
a plurality of transmission channels to a receiving station 
with a plurality of antennas, said data transmission method 
comprising: 

encoding data to transmit into a code word; 

separating said code word into a plurality of signals; 

modulating the plurality of signals by modulators; 

executing arithmetic operation for giving pointing direc- 
tions of transmit beams to said plurality of modulated 
signals when being simultaneously transmitted from 
said plurality of antennas; and 

transmitting signals obtained from said arithmetic opera- 
tion from said plurality of antennas. 

17. The data transmission method according to claim 16, 
wherein: 

said transmitting station has M units of said modulators 
and L units of said antennas; 

said arithmetic operation is a procedure of multiplying M 
units of signals input from said modulators by a com- 
plex matrix consisting of MxL units of elements; and 

said complex matrix is settled, according to conditions of 
propagation channels between the plurality of antennas 
of said transmitting station and the plurality of antennas 
of said receiving station. 

18. The data transmission method according to claim 16, 
wherein: 

an encoding rate of said encoder is fixed, according to 
conditions of the propagation channels between the 
plurality of antennas of said transmitting station and the 
plurality of antennas of said receiving station. 

19. The data transmission method according to claim 16, 
wherein: 

in response to a receiving acknowledge signal received 
from said receiving station, code word modulation in 
process is stopped and modulation of a code word 
following the code word starts; and 

said receiving acknowledge signal indicates that received 
signals in a complete unit of encoding have been 
decoded normally on said receiving station. 

20. The data transmission method according to claim 16, 
wherein: 

said modulation is multilevel modulation; and 

the number of levels of the multilevel modulation is 
determined, according to parallellity of the propagation 
channels between the plurality of antennas of said 
transmitting station and the plurality of antennas of said 
receiving station. 
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control data to the reception apparatus, and when the 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a wireless data transmission system utilizing 
the SDM and compatibile with a conventional wireless communication system, and to 
provide a wireless data transmission/reception apparatus. 
SOLUTION: The wireless data transmission system including a transmission 
apparatus and a reception apparatus is characterized in that when the transmission 



apparatus starts data transmission to the reception apparatus, the transmission 
apparatus transmits data including a maximum number of antennas available for the 
transmission and a maximum number of available data sequences to spatial division 
multiplexing control data to the reception apparatus, and when the transmission 
apparatus receives a discrimination result indicating impossibility of reception by the 
number of the transmission antennas and the number of the data sequences, the 
transmission apparatus transmits data including a reduced number of the 
transmission antennas and a reduced number of the data sequences to the spatial 
division multiplexing control data to the reception apparatus. 
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CLAIMS 



[Claim(s)] 
[Claim 1] 

It is a sending set which is provided with two or more antennas, carries out the 
space division multiple of the data of one or more series, and carries out wireless 
transmission using the same frequency channel, 

A sending set provided with a means to generate space division multiple control data 
containing the number of antennas used for transmission between said two or more 
antennas, and the number of series of data to transmit, to include this space division 
multiple control data in data of at least 1 series, and to transmit. 
[Claim 2] 

It is a receiving set which can receive data by which wireless transmission was 
carried out from the sending set according to claim 1 , 

Said sending set acquires the number of antennas used for transmission, and the 
number of series of data to transmit from said space division multiple control data 
contained in received data, A receiving set provided with a means to distinguish 
whether it is ability ready for receiving for data with this number of transmission 
antennas, and the number of data series, and to transmit a discriminated result to 
said sending set. 
[Claim 3] 



A radio data transmission system constituted including respectively the sending set 
according to claim 1 and the receiving set according to claim 2 one or more. 
[Claim 4] 

In the radio data transmission system according to claim 3, 

When starting data transmission to a receiving set, said sending set includes the 
maximum number of an antenna usable to transmission, and the maximum number of 
an usable data series in said space division multiple control data, and transmits, A 
radio data transmission system including what reduced each of said number of 
transmission antennas, and the number of data series in said space division multiple 
control data, and transmitting when a discriminated result that it is unreceivable with 
said number of transmission antennas and the number of data series is received 
from said receiving set. 
[Claim 5] 

Said sending set is provided with a means to modulate send data with an OFDM 
system and to transmit, 

The radio data transmission system according to claim 3, wherein said receiving set 
is provided with a means to restore to received data with an OFDM system. 
[Claim 6] 

Wireless data transceiving equipment which is provided with the following and 
characterized by transmission and reception of wireless data being possible. 
The sending set according to claim 1 . 
The receiving set according to claim 2. 

[Claim 7] 

In the radio data transmission system according to claim 3, 

A radio data transmission system, wherein said sending set and a receiving set 
transmit as a data packet which added a preamble of ARIB STD-T71 system to said 
send data which carried out the space division multiple. 
[Claim 8] 

In the radio data transmission system according to claim 3, 

A radio data transmission system, wherein said sending set and a receiving set 
transmit as a data packet which added a preamble of an IEEE802.1 1a system to said 
send data which carried out the space division multiple. 
[Claim 9] 

Said sending set transmits to the signal field included in a preamble of said data 
packet including data in which a modulation method of said send data which carried 
out the space division multiple is shown, 

The radio data transmission system according to claim 7 or 8, wherein said receiving 
set restores to received data with a modulation method shown in said signal field. 
[Claim 10] 

The radio data transmission system according to claim 9, wherein said sending set 
transmits to the signal field included in a preamble of said data packet further 



including data in which it is shown whether send data is data based on a space 
division multiple system. 
[Claim 11] 

The radio data transmission system according to claim 9, wherein said sending set 
transmits to the signal field included in a preamble of said data packet further 
including data in which data length of send data is shown. 
[Claim 12] 

A radio data transmission system given in any 1 clause of Claim 9, wherein said 
sending set adds the signal field which contained further data in which a modulation 
method and data length of said send data are shown to a head of said send data and 
transmits to 1 1 . 
[Claim 13] 

The radio data transmission system according to claim 12, wherein said sending set 
includes MAC control information on send data in a data field of a data packet of 
said ARIB STD-T71 system or an IEEE802.1 1a system further and transmits. 
[Claim 14] 

Said sending set changes a part of data length of a preamble contained in said data 

packet with a modulation method of send data, and transmits, 

The radio data transmission system according to claim 7 or 8 said receiving set's 

identifying a modulation method of received data with a part of data length of said 

preamble, and restoring to received data with this modulation method. 

[Claim 15] 

Said sending set transmits to a preamble for propagation path estimates added to a 
head of send data in said data packet including data in which a modulation method of 
this send data is shown, 

The radio data transmission system according to claim 7 or 8, wherein said receiving 
set restores to received data with a modulation method shown by said preamble for 
propagation path estimates. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the wireless data sending set and receiving set for realizing 
the radio data transmission system which carried out division multiplex [ of the 
transmission data ], and accelerated data communications especially, and this about 
the radio data transmission system and wireless data transceiving equipment which 
use a 5GHz bandwidth. 
[0002] 

[Description of the Prior Art] 

In recent years, two or more small-power-wireless communications systems of the 
license needlessness which uses a 5GHz bandwidth are proposed, and are 
standardized. For example, in the HiSWAN (High Speed Wireless Access System) 
standard of ARIB (Association of Radio Industries and Businesses), an indoor- 
oriented radio communications system is mainly provided in a 5GHz bandwidth. 
[0003] 

In IEEE802.1 1a which is one of the wireless LAN standards by IEEE (Institute of 
Electrical and Electronics Engineers). Use the frequency band of the 5.2-GHz 
circumference and to a modulation method An OFDM system, The CSMA/CA 
(Carrier Sense Multiple Access with Collision Avoidance) system is adopted as a 
MAC layer, and access speed provides the radio communications system in which 
the high-speed wireless communications of 36 - 54Mbps are possible. 
[0004] 

However, to 5.15 GHz permitted to such a small-power-wireless communications 
system - 5.25 GHz bands. There are only four channels of 20 MHz (an occupancy 
signal frequency band is 18 MHz) of frequency bands, and it is said that it is difficult 
to raise the throughput as a radio communications system. 
[0005] 

The technology of SDM (Space Division Multiplexing: space division multiple) is 
proposed under such a situation as technology which raises access speed. In the 
radio communications system using SDM, a sending set transmits simultaneously 
different data using two or more antennas with the same frequency band, and a 
receiving set receives these signals by which multiplex was carried out, and is 
separated. 
[0006] 

An example using such SDM of a radio communications system is explained briefly. 
In this example, the sending set and the receiving set shall be provided with two 
antennas, and the number of the data series transmitted and received shall also be 
two. Although anythings are possible for the modulation method of data, the OFDM 



modulation system with which it opts for specification-ization by the 5GHz 

bandwidth here shall be used. 

[0007] 

Drawing 13 is a figure showing roughly the composition of the radio communications 
system in this example. In drawing 13, the sending set of this radio communications 
system is provided with two antenna TxAnt_A and TxAnt_B, and the receiving set is 
also provided with two antenna RxAnt_A and RxAnt_B. 
[0008] 

When transmitting data to a receiving set from a sending set, a sending set 
transmits simultaneously the data Tx (A) divided into two, and each of Tx (B) with 
the same frequency band from antenna TxAnt_A and TxAnt_B. 
[0009] 

The data Tx (A) transmitted from antenna TxAnt_A passes along the propagation 
ways H1 1 and H12, and is received by antenna RxAnt_A and RxAnt_B of a receiving 
set, respectively. Similarly, the data Tx (B) transmitted from antenna TxAnt_B 
passes along the propagation ways H21 and H22, and is received by antenna 
RxAnt_A and RxAnt_B of a receiving set, respectively. 
[0010] 

In antenna RxAnt_A of a receiving set, the received data from the propagation ways 
H1 1 and H21 are received as the compounded received data Rx (A). Similarly, in 
antenna RxAnt_B, the received data from the propagation ways H12 and H22 are 
received as the compounded received data Rx (B). 
[0011] 

Here, the following determinants (1) can express the received data Rx (A) and Rx (B) 
in each antenna of a receiving set using the propagation way H1 1, H12, H21 and H22, 
and the send data Tx (A) and Tx (B) in each antenna of a sending set. 
[0012] 

[Mathematical formula 1] 
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[0013] 

In a receiving set, when the propagation ways H1 1-H22 are known beforehand, the 
received data Rx (A) and Rx (B) to the send data Tx (A) and Tx (B) are calculated. If 
the determinant shown by H1 1-H22 is set to H (it is hereafter called a "propagation 
way procession") and the inverse matrix is made into H"\ the following determinants 
(2) can express the send data Tx (A) and Tx (B). 
[0014] 

[Mathematical formula 2] 
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[0015] 

Since the propagation way procession H changes with communication environment, 
it is common by preceding performing data communications and transmitting known 
data to a receiving set from a sending set to search for the propagation way 
procession H. This known data is called preamble for propagation way measurement. 
[0016] 

For example, the case where included the data [ data / a and a ] a from antenna 
TxAnt_B and -a in the head of the burst, and it transmits from antenna TxAnt_A of a 
sending set as a preamble for propagation way measurement is considered. Drawing 
14 is a figure showing the example of the packet format at the time of transmission 
of this preamble for propagation way measurement. It is superimposed on the 
preamble for propagation way measurement transmitted from each antenna of the 
sending set through the propagation way H, and it is received by each antenna 
RxAnt_A and RxAnt_B of a receiving set. 
[0017] 

At this time, the data received by antenna RxAnt_A of the receiving set is set to r1 
and r2, and the following determinant will be materialized if the data received by 
antenna RxAnt_B is set to r3 and r4. 
[0018] 

[Mathematical formula 3] 
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[0019] 

In an upper type, since r1-r4 are the received data in a receiving set and a and -a 
are known pilot signals beforehand, (3) types will be transformed and the propagation 
way procession H will be expressed with the following formula. 
[0020] 

[Mathematical formula 4] 
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[0021] 

However, in the radio communications system in this example, since the OFDM 
modulation system is adopted, the propagation way procession H shown by (4) 
formulas about each subcarrier of OFDM must be searched for. 
[0022] 

Next, the OFDM wireless communication system using the 5GHz bandwidth which 
specification has already decided is explained briefly. This system is a CSMA/CA 
system specified to ARIB-STD T-71. 

Except for the laws and regulations in each country including the frequency band to 
be used, it has the same specification as IEEE802.1 1a. 

[0023] 

Drawing 15 is a figure showing roughly the composition of the communication packet 
used in this OFDM wireless communication system. In drawing 15, the 
communication packet comprises the area B and the C region included the preamble 
signal, the signal field shown in SF, and a data field shown by DF. 
[0024] 

Although a preamble signal is known data between a sending set and a receiving set, 
it is not prescribed by specifications in particular how the preamble signal included in 
area B and a C region is used in a receiving set. Usually, area B is a repetition (0.8 
microsecond x ten pieces) of the data for 0.8 microsecond, and is used for data 
communications, such as AGC control, a coarse estimating frequency offset, and a 
symbol synchronization. A C region is used for data communications, such as 
propagation path estimate and a fine estimating frequency offset. 
[0025] 

Drawing 1 6 is a figure showing the composition of the data contained in the signal 
field (SF). The modulation rate of the data field (DF) which SF comprises 24-bit data 
and follows below 4 bits. Reserve is included for the length (byte length) of a data 
field, and the error correction tail bit for the signal fields (SF) is contained for the 
parity bit for the signal fields (SF) by 6 bits by 1 bit by 1 bit by 12 bits. 
[0026] 

In the receiving set by ARIB-STD T-71 specification (it is only hereafter written as 
"T-71 "), drawing 1 7 is a flow chart which shows the flow of the processing which 
receives the above-mentioned wireless transfer wave, and to which it restores. 
If an electric wave is detected (Step S1701), a receiving set will acquire a preamble 
and will judge whether the electric wave is an electric wave of T-71 format (Step 
S1702). When a reception radio wave is an electric wave of T-71, it restores to the 
signal field (SF) and it is judged whether the signal field (SF) is the right based on a 
parity bit etc. (Step S1703). 
[0027] 



The signal field (SF) restores to a following data field (DF) further to a right case 
based on the modulation rate of the data field (DF) contained there (Step S1704). 
The recovery of OFDM symbol data which received is continued until a receiving set 
reaches the data length (Length) of the data field (DF) contained in the signal field 
(SF) (Step S1705). 
[0028] 

On the other hand, in the above-mentioned step S1702, when it judges with the 
received electric wave not being an electric wave of T-71 format, the radio field 
intensity of a reception radio wave is measured (Step S1 706), and size with the 
threshold value L1 beforehand set to this radio field intensity is compared (Step 
S1707). When received radio field intensity is more than threshold value L1 , it judges 
that carrier communication is in use, and it stands by until received radio field 
intensity becomes smaller than the threshold value L1 . 
[0029] 

In the above-mentioned step S1703, although the electric wave of the T-71 format 
was received, When it judges with that signal field (SF) having an error, the intensity 
of a reception radio wave is measured (Step S1708), and size with the threshold 
value L2 beforehand set to this radio field intensity is compared (Step S1709). When 
received radio field intensity is more than threshold value L2, it judges that carrier 
communication is in use, and it stands by until received radio field intensity becomes 
smaller than the threshold value L2. 
[0030] 

In the above-mentioned steps S1707 and S1709, in order that a receiving set may 
protect so that a send action may not be caused during carrier communication use, 
it is made not to perform other processings, until received radio field intensity 
becomes smaller than the threshold value L1 or L2. It is because the CSMA/CA 
system is taken, so it is necessary to avoid the collision of wireless transfer data in 
T-71. In a receiving set, while processing Steps S1701-S1709, suppose that a send 
action cannot be performed. 
[0031] 

The threshold values L1 and L2 set up beforehand are different values, and assume 
that it has set up so that it may be set to L1>L2. In order to improve safety more to 
the electric wave of the same communications system, the value of L2 is made 
lower than L1 . 
[0032] 

The specification of the MAC layer used for ARIB-STD T-71 and IEEE802.1 1a is 
indicated to IEEE802.1 1 . As described above, in order to transmit by T-71 , it must 
judge that carrier communication is not used, but it is necessary besides operating 
condition judgment of such a physical carrier to check not being used logically. Time 
to be needed for a series of operations in the packet communication is shown to the 
header of each packet by IEEE802.1 1. Therefore, the equipment which tries to 
transmit by T-71 needs to transmit by checking the logical reservation status. 
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[0033] 

[Problem to be solved by the invention] 

By the way, since it will become possible to increase the number of the data series 
transmitted and received according to the number of an antenna with the same 
frequency band if an SDM system is used as mentioned above, high-speed mass 
communication can be performed compared with the system which does not use an 
SDM system. A radio wave resource can be efficiently used by adjusting the number 
of antennas to be used, and the number of transmitted-and-received-data series 
according to the channel capacity of a radio communications system. 
[0034] 

On the other hand, in the conventional radio communications system, the number of 
the data series transmitted and received in one frequency band is one. For this 
reason, when starting communication, while the sending set sent the radio wave in 
the specific frequency band, the radio wave in the frequency band where a receiving 
set is specific was received, and communication was able to be established by 
restoring to this to data. Of course, in the sending set and the receiving set, in order 
to improve communicative quality, two or more antennas might be used, but it is 
only for this acquiring the gain by a die by city, and a sending set and a receiving set 
did not need to recognize the antenna number used. 
[0035] 

However, in a radio communications system using SDM, At least, transmission and 
reception of two or more data series are attained in one frequency band, and it can 
be transmitted by using two or more antennas in a sending set and a receiving set 
and received [ a theory top can carry out multiplex / of the data series for a 
transmission antenna number /, and ]. Therefore, in a receiving set, it is necessary 
to detect the number of transmission antennas used for a kind and transmission of 
data transmitted from a sending set. This invention tends to provide a radio data 
transmission system and wireless data transceiving equipment this [ whose ] is 
made possible. 
[0036] 

In order to use the above-mentioned SDM-OFDM system by a 5GHz bandwidth, it is 
desirable for there to be a radio communications system and compatibility, such as 
ARIB-STD T-71 which exists from the former, and IEEE802.1 1a. However, a system 
configuration which enables coexistence with a radio communications system of an 
SDM-OFDM system and the conventional radio communications system is not yet 
proposed. 
[0037] 

Therefore, this invention is a radio data transmission system using SDM, and tends 
to provide a radio data transmission system and wireless data transceiving 
equipment provided with compatibility with the conventional radio communications 



system again. 
[0038] 

[Means for solving problem] 

In view of above-mentioned solution SUBJECT, this invention person thought out 
wholeheartedly to a radio data transmission system and wireless data transceiving 
equipment which have the following composition as a result of research. 
Namely, it is a sending set which this invention is provided with two or more 
antennas, and carries out the space division multiple of the data of one or more 
series, and carries out wireless transmission using the same frequency channel, 
Space division multiple control data containing the number of antennas used for 
transmission between said two or more antennas and the number of series of data 
to transmit is generated, and a sending set provided with a means to include this 
space division multiple control data in data of at least 1 series, and to transmit is 
provided. 
[0039] 

This invention is a receiving set which can receive again data by which wireless 
transmission was carried out from the above-mentioned sending set, Said sending 
set acquires the number of antennas used for transmission, and the number of 
series of data to transmit from said space division multiple control data contained in 
received data, It distinguishes whether it is ability ready for receiving for data with 
this number of transmission antennas, and the number of data series, and a receiving 
set provided with a means to transmit a discriminated result to said sending set is 
provided. 
[0040] 

In wireless data transmission using a space division multiple according to a sending 
set and a receiving set of these this inventions, By notifying the available number of 
antennas, and the number of data series, and suiting with a sending set and a 
receiving set, an effect by a space division multiple is made into the maximum, and it 
becomes possible to raise a data transmission rate. 

This invention provides again the radio data transmission system constituted 
including an above-mentioned sending set and receiving set one or more 
respectively. 
[0041] 

In the radio data transmission system of above-mentioned this invention, said 
sending set, When starting data transmission to a receiving set, include the maximum 
number of an antenna usable to transmission, and the maximum number of an usable 
data series in said space division multiple control data, and it transmits, When a 
discriminated result that it is unreceivable with said number of transmission 
antennas and the number of data series is received from said receiving set, what 
reduced each of said number of transmission antennas and the number of data 
series is included in said space division multiple control data, and it transmits. 
[0042] 



A sending set can detect the maximum receivable number of transmission antennas 
and the number of data series in a receiving set by continuing transmitting, reducing 
the number of transmission antennas, and the number of data series until it receives 
a discriminated result with ability ready for receiving from a receiving set. 
[0043] 

In the radio data transmission system of this invention, said sending set is provided 
with a means to modulate send data with an OFDM system and to transmit, and said 
receiving set is provided with a means to restore to received data with an OFDM 
system. 

Typically, a radio data transmission system of this invention carries out the space 
division multiple (SDM) of the sending signal which carried out OFDM modulation 
further, and an SDM-OFDM system which transmits using two or more antennas and 
data series is used for it. 
[0044] 

This invention is provided with an above-mentioned sending set and a receiving set, 
and provides again wireless data transceiving equipment in which transmission and 
reception of wireless data are possible. 

In a radio data transmission system of above-mentioned this invention, said sending 
set and a receiving set transmit as a data packet which added a preamble of ARIB 
STD-T71 system or an IEEE802.1 1a system to said send data which carried out the 
space division multiple. 
[0045] 

Since the same frequency band as a wireless communication system by a space 
division multiple of this invention is used for a wireless communication system of 
these former, by adding a preamble common to a data packet in a system of this 
invention with these, It becomes possible to build the conventional wireless 
communication system and a radio data transmission system which has high 
compatibility. 
[0046] 

In a radio data transmission system of this invention, said sending set, Transmitting 
to the signal field included in a preamble of said data packet including data in which 
a modulation method of said send data which carried out the space division multiple 
is shown, said receiving set restores to received data with a modulation method 
shown in said signal field. 
[0047] 

By this the transceiving equipment of this invention. [ whether the received packet 
data are what is transmitted by the space division multiple system of this invention, 
and ] It becomes possible to carry out reception of whether it is what is transmitted 
by the conventional wireless communication system in the same operation, even if it 
becomes possible to distinguish from the signal field of a packet and is a packet of 
which system. 
[0048] 



In the radio data transmission system of this invention, said sending set transmits to 
the signal field included in the preamble of said data packet further including the 
data in which it is shown whether send data is data based on a space division 
multiple system. 
[0049] 

Thereby, even if it is a case where the data packet by the space division multiple 
system of this invention is received in the transceiving equipment by the 
conventional wireless communication system, it becomes possible about it being a 
packet of the communication method to distinguish from the signal field. What is 
necessary is just to cancel the packet, when it is judged that the data to which it 
cannot restore with the transceiving equipment concerned is contained in a packet. 
[0050] 

In the radio data transmission system of this invention, said sending set transmits to 
the signal field included in the preamble of said data packet further including the 
data in which the data length of send data is shown. 
[0051] 

Transceiving equipment which received such a data packet can recognize correctly 
data length of a data field which continues after a preamble. When a data packet by 
a space division multiple system of this invention is especially received in 
transceiving equipment by the conventional wireless communication system, Since it 
can restore to a following data field and the data length can be correctly recognized 
that there is nothing, it can wait to complete transmission of the data concerned 
and the next transmission and reception operations can be performed. 
[0052] 

In a radio data transmission system of this invention, said sending set adds the 
signal field which contained further data in which a modulation method and data 
length of said send data are shown to a head of said send data, and transmits. 
[0053] 

It becomes unnecessary to use a modulation method and data length of the same 
data by each data series unlike a case where this transmits including data in which a 
modulation method and data length of said send data are shown in a preamble of a 
data packet by the conventional wireless communication system as mentioned 
above. For this reason, it becomes possible to perform data communications of more 
various forms. 
[0054] 

In a radio data transmission system of this invention, said sending set includes MAC 
control information on send data in a data field of a data packet of said ARIB STD- 
T71 system or an IEEE802.1 1a system further, and transmits. 
[0055] 

The data in which the logical operating condition of carrier communication is shown 
is contained in the MAC control information on send data, and according to the 
above-mentioned composition. Also in the transceiving equipment of ARIB STD-T71 



conventional system or an IEEE802.1 1a system, it becomes possible to acquire this 
MAC control information, and it becomes possible to build a more reliable radio data 
transmission system. 
[0056] 

In the radio data transmission system of this invention, said sending set, A part of 
data length of the preamble contained in said data packet is changed with the 
modulation method of send data, and is transmitted, said receiving set identifies the 
modulation method of received data with a part of data length of said preamble, and 
it restores to received data with this modulation method. 
[0057] 

In the radio data transmission system of this invention, said sending set, 
Transmitting to the preamble for propagation path estimates added to the head of 
the send data in said data packet including the data in which the modulation method 
of this send data is shown, said receiving set restores to received data with the 
modulation method shown by said preamble for propagation path estimates. 
It becomes possible to include in a preamble the data in which the modulation 
method of send data is shown, without changing the data of the preamble already 
specified by the conventional system according to these methods. 
[0058] 

[Mode for carrying out the invention] 

Hereafter, an embodiment of the invention is described in detail, referring to an 
accompanying drawing. 

Drawing 1 - drawing 12 are figures which illustrate each embodiment of this 
invention, and in these figures, a portion which attached the same mark expresses 
the same thing, and let these fundamental composition and operations be the same 
things. In each following embodiment, the antenna n [ several ] which transceiving 
equipment has is set to 2, and is also setting to 2 the number of data series 
transmitted and received. A modulation method shall be based on an OFDM system 
like an example quoted by a Prior art. 
[0059] 

[A 1st embodiment] 

Below, it divides into composition and operation in a sending set, and composition 
and operation in a receiving set, and a radio data transmission system concerning a 
1st embodiment of this invention is explained in order. 
[0060] 

Drawing 1 is a block diagram showing roughly the composition of the sending set 
used in the radio data transmission system of this embodiment. 

In drawing 1, the sending set of this embodiment comprises the send data generation 
part 101, the space division multiple control data generating section 102, the 
transmission-control circuit 103, the OFDM signal generation parts 1 04A and 104B, 
RF sections 105A and 105B, and the antennas 106A and 106B. 
[0061] 



It is what the send data generation part 101 generates send data, and is outputted 
to the OFDM signal generation parts 104A and 104B, The information data which 
should be transmitted from the upper layer (here, not shown) was received, and it 
has the circuit which generates the signal which processes an error correction etc. 
and can be transmitted in an OFDM format. 
[0062] 

The space division multiple control data generating section 102 outputs the number 
ktx of transmission antennas and k1 data series which are used in communication by 
a space division multiple (SDM) system to the OFDM signal generation part 104B as 
space division multiple control data. The space division multiple control data 
generating section 102 also received the number ktx of transmission antennas, and 
k1 data series from the upper layer, performed processing required for these values, 
and is provided with the circuit outputted as a signal which can be transmitted in an 
OFDM signal format. [ as well as the send data generation part 101 ] In this 
embodiment, both the number ktx of transmission antennas and k1 data series will 
take the value of 1 or 2. 
[0063] 

The transmission-control circuit 103 generates and outputs the data in which the 
number kx of antennas and the number k1x of data series which a sending set 
actually uses are shown. This number kx of antennas and the number k1x of data 
series are values directed from the upper layer like the above ktx and k1, and these 
will take the value of 1 or 2 in this embodiment. 
[0064] 

The OFDM signal generation parts 104A and 1 04B modulate the sending signal 
received from the send data generation part 101 to an OFDM signal, respectively, 
and output it to RF sections 105A and 105B. In the OFDM signal generation part 
104B, the space division multiple control data received from the space division 
multiple control data generating section 102 is multiplexed to a sending signal. 
[0065] 

RF sections 105A and 105B are changed into frequency which actually uses a signal 
modulated in the OFDM signal generation parts 1 04A and 1 04B by radio, and are 
outputted to the antennas 106A and 106B, respectively. The antennas 106A and 
106B carry out wireless transmission of these signals. 
[0066] 

Operation which performs data transmission with a sending set of this embodiment 
constituted as mentioned above is explained. 

First, to communicate using an SDM system, it is necessary to notify beforehand the 
number of antennas and the number of data series which are used for transmission 
to a receiving set. Therefore, in a sending set of this embodiment, it precedes 
performing radio, and the space division multiple control data ktx generated by the 
space division multiple control data generating section 102, i.e., the number of 
transmission antennas, and k1 data series must be first transmitted to a receiving 



set. 
[0067] 

In transmission of this space division multiple control data, since the situation by the 
side of a receiving set is strange, it transmits as ktx=k 1= 2 (each maximum). In this 
case, in a sending set, the space division multiple control data generating section 
102, the OFDM signal generation part 104B, RF section 105B, and the antenna 106B 
will be used, and space division multiple control data will be transmitted to a 
receiving set. 
[0068] 

However, it is not necessary to set the maximum as ktx and k1, and to necessarily 
transmit to them, and what is necessary is just to transmit with the receivable 
number of antennas and the number of data series in the system, when the situation 
of each equipment which constitutes a radio data transmission system is already 
known. 
[0069] 

It is judged whether communication with the number ktx of antennas and k1 data 
series which are contained in the control data concerned is possible for the 
receiving set which received the above-mentioned space division multiple control 
data so that it may mention later. A receiving set according to the same data series 
as having received the above-mentioned control data. When it can communicate by 
the number ktx of antennas, and k1 data series, Ack (Acknowledge: mean that it can 
communicate by the condition), If communication is impossible, Nack (Non- 
Acknowledge: mean that it cannot communicate on the condition) will be transmitted 
to a sending set as reply data. 
[0070] 

When it communicates with the number ktx of antennas and k1 data series which 
transmitted with the above-mentioned control data when Ack was received as reply 
data and Nack is received, a sending set changes the number of antennas, and the 
number of data series into a lower value, and transmits control data again. When a 
receiving set becomes a receiving possible value by repeating this in a value with the 
number ktx of antennas, and k1 data series, a sending set will receive Ack. 
[0071] 

Drawing 2 is a flow chart which shows the flow of the send action of the space 
division multiple control data in a sending set. With the flow chart shown in drawing 2, 
the maximum of the number of antennas in a sending set and the number of send 
data series is not carried out in 2, but it is shown as any value. In order to simplify 
explanation, the case where the number of antennas and the number of data series 
which are used for transmission are the same is shown. 
[0072] 

In the sending set before starting transmission, both the values of kx and k1x are 
set to the transmission-control circuit 1 03 by 1 . In the sending set, in spite of 
having transmitted the space division multiple control data, the parameter Nack 



which shows the number of times which was not able to receive Ack is memorized, 
and 0 is set to the value of Nack as an initial value now. In the space division 
multiple control data generating section 102 of a sending set, k1=n shall be set up as 
ktx=n and the number of data series as the number of transmission antennas used 
for data transmission (Step S200). 
[0073] 

First, a sending set assigns the value which subtracted the value of Nack from n to 
the number ktx of transmission antennas set up in the space division multiple 
control data generating section 102. The value which subtracted the value of Nack 
from n is assigned to k1 data series (Step S201). Here, since it is Nack=0, it is still 
ktx=k1=n. After this, it judges whether it is ktx=0, and if it is ktx=0, processing will be 
ended (Step S202). 
[0074] 

Next, a sending set transmits space division multiple control data to a receiving set 
with the number ktx of transmission antennas and k1 data series which are set up in 
the space division multiple control data generating section 102 now (Step S203). 
[0075] 

When Ack is received from a receiving set (Step S204), It judges that communication 
by the number ktx of transmission antennas and k1 data series is possible, and the 
value of ktx is assigned to the number kx of antennas used for communication also 
in the transmission-control circuit 103, and the value of k1 is assigned to the 
number k1x of data series, respectively (Step S206). Then, data communications can 
be started by the above-mentioned conditions (Step S207). 
[0076] 

When Nack is received from a receiving set, or when reply data is not received in 
fixed time (Step S204), the value of Nack is made to increase one time (Step S205), 
and it returns to Step S201. In Step S201, after resetting the number ktx of 
transmission antennas and k1 data series in the space division multiple control data 
generating section 102, unless ktx is 0 (Step S202), space division multiple control 
data is again transmitted to a receiving set. 
[0077] 

Thus, space division multiple control data is transmitted to a receiving set, reducing 
the number ktx of transmission antennas, and k1 data series every [ 1 ], The number 
ktx of transmission antennas and k1 data series in the time of receiving Ack from a 
receiving set are set up as the number kx of antennas used for subsequent 
communications, and the number k1x of data series, and data communications are 
performed, however, a receiving set is non-receipt, when it is set to ktx=0 before 
receiving Ack from a receiving set (Step S202) — or it judges that it does not exist 
and processing is interrupted. 

Thus, by controlling the send action of a sending set, the communication using the 
number of antennas and the number of data series maximum in the range which can 
receive a receiving set is establishable. 



[0078] 

Drawing 3 is a block diagram showing roughly the composition of the receiving set 
used in the radio data transmission system of this embodiment. 
In drawing 3, the receiving set of this embodiment The antennas 301 A and 301 B, It 
comprises RF sections 302A and 302B, the OFDM signal receiving circuits 303A and 
303B, the space division multiple control data analysis circuit 304, the reception- 
control circuit 305, the SDM treating part 306, and the received-data treating part 
307. 
[0079] 

RF sections 302A and 302B are provided with the RF circuit changed into the 
frequency band which can carry out digital processing of the RF signal received from 
the sending set by wireless data transmission. 

The OFDM signal receiving circuits 303A and 303B are provided with the circuit for 
performing OFDM recovery processing to the input signal by which frequency 
conversion was carried out in RF sections 302A and 302B. The OFDM signal 
receiving circuit 303B extracts again the space division multiple control data 
contained in an input signal, and outputs it to the space division multiple control 
data analysis circuit 304. 
[0080] 

The space division multiple control data analysis circuit 304 analyzes the space 
division multiple control data received from the OFDM signal receiving circuit 303B, 
and outputs the result to the reception-control circuit 305. Specifically, ktx and k1 
which are contained in space division multiple control data shall be detected and 
outputted. 
[0081] 

The reception-control circuit 305 controls the OFDM signal receiving circuits 303A 
and 303B and the SDM treating part 306 based on the space division multiple 
control data received from the space division multiple control data analysis circuit 

304. Although based on a predetermined algorithm about the method of this control, 
it explains in detail later. 

[0082] 

The reception-control circuit 305 outputs the signal which controls again the 
number kx of antennas and the number k1x of data series which are used for data 
receiving in a receiving set like the transmission-control circuit 103 of the sending 
set shown in drawing 1 . 

The received-data treating part 307 is provided with a circuit which performs 
required processing of an error correction etc. to an input signal to which it restored. 
[0083] 

According to this embodiment, when set to kx=k1x=1 in the reception-control circuit 

305, the antenna 301 B, RF section 302B, the OFDM signal receiving circuit 303B, 
and the received-data treating part 307 perform receiving operation. When set to 
kx=k1x=2 in the reception-control circuit 305, The antenna 301 A, RF section 302A, 



and the OFDM signal receiving circuit 303A, After processing an input signal by two 
data series with the antenna 301 B, RF section 302B, and the OFDM signal receiving 
circuit 303B, in the SDM treating part 306, an OFDM signal from these two data 
series is compounded, and it processes by the received-data treating part 307. a 
compositing process of an OFDM signal in the SDM treating part 306 — the above - 
- the same inverse-matrix arithmetic circuit shall perform as a Prior art explained 
[0084] 

Although the number of receiving antennas and the number of data series in a 
receiving set as well as a sending set are also set to two in drawing 3, this 
embodiment is not limited to this and can use a receiving set provided with arbitrary 
numbers of the numbers of receiving antennas, and the number of data series. 
[0085] 

Drawing 4 is a flow chart which shows the flow of the receiving operation of the 
space division multiple control data in the above-mentioned receiving set. With the 
flow chart shown in drawing 4, the maximum of the number of antennas and the 
number of send data series which are used in a receiving set is not carried out in 2, 
but it is shown as any value krxa. In order to simplify explanation, the case where 
the number of antennas and the number of data series which are used for reception 
are the same is shown. 
[0086] 

In the receiving set before a data receiving start, both the numbers kx of antennas 
and numbers k1x of data series that are used for reception are set as 1 in the 
reception-control circuit 305 (Step S300). If space division multiple control data is 
received from a sending set, this will be analyzed in the space division multiple 
control data analysis circuit 304, and the value of ktx and k1 which are contained in 
data will be acquired (Step S301). 
[0087] 

The reception-control circuit 305 compares the value of ktx and k1 with the value of 
krxa (Step S302). In this example, since the value of ktx and k1 is equal, the value of 
k1 is used for comparison. 

In Step S302, in being k1 <=krxa, Since reception with the number of antennas and 
the number of data series which are shown by ktx and k1 will be possible, While 
transmitting Ack to a receiving set (Step S303), in the reception-control circuit 305, 
the value of ktx and k1 is assigned to the number kx of antennas and the number 
k1x of data series which are used for reception, respectively (Step S304). Since data 
transmission is started by the number ktx of antennas, and k1 data series from a 
sending set after transmitting Ack, this is receivable (Step S305). 
[0088] 

In Step S302, since reception with the number of antennas and the number of data 
series which are shown by ktx and k1 will be impossible when it is k1>krxa, 
processing is ended, without transmitting Nack to a receiving set or operating at all. 
[0089] 



Thus, by controlling the receiving operation of a receiving set, it can cooperate with 
the send action of the above-mentioned sending set, and the communication using 
the number of antennas and the number of data series maximum in the usable range 
can be established between a sending set and a receiving set. 
[0090] 

Although the example which constituted from the above the sending set and 
receiving set which are used in the radio data transmission system of this 
embodiment as separate equipment was shown, using as transceiving equipment 
which unified these is also possible. 
[0091] 

[A 2nd embodiment] 

Drawing 5 is a figure showing roughly the composition of the radio data transmission 
system concerning a 2nd embodiment of this invention. In drawing 5, the radio data 
transmission system of this embodiment comprises the transceiving equipment A, 
the transceiving equipment B, and the transceiving equipment C. 
[0092] 

The transceiving equipment A and the transceiving equipment B are transceiving 
equipment of the SDM-OFDM system same with having been shown in a 1st 
embodiment, and are provided with two antennas and the digital disposal circuit (not 
shown) of two series, respectively. On the other hand, the transceiving equipment C 
is transceiving equipment which operates with the radio communications system 
which uses the conventional 5GHz bandwidths, such as ARIB-STD T-71 and 
IEEE802.1 1a, and performs radio using a 5GHz bandwidth altogether. 
[0093] 

This embodiment explains taking the case of a case where the transceiving 
equipment C is a thing of ARIB-STD T-71 specification, as shown in drawing 5. As 
shown in drawing 5, between the transceiving equipment A and the transceiving 
equipment B, it is possible to also perform radio by T-71 [ besides radio by an SDM- 
OFDM system ] system, but. Between the transceiving equipment A or the 
transceiving equipment B, and the transceiving equipment C, only radio by T-71 
system shall be performed. 
[0094] 

In a radio data transmission system of this embodiment constituted as mentioned 
above, how to communicate while transceiving equipment of an SDM-OFDM system 
has conventional transceiving equipment and compatibility of T-71 system which use 
a 5GHz bandwidth is explained. 
[0095] 

Here, the case where data communications are performed to the transceiving 
equipment B from the transceiving equipment A is considered. As shown in drawing 
5, as for the transceiving equipment A, the transceiving equipment B can perform 
data communications using two antenna TRxB_Ant_a and TRxB_Ant_b using two 
antenna TRxA Ant a and TRxA Ant b. 



[0096] 

Drawing 6 is a figure showing roughly the composition of the packet transmitted to 
the transceiving equipment B from the transceiving equipment A in the radio data 
transmission system of this embodiment. In drawing 6, the packet by which the 
packet to which fromTRxA_Ant_a is transmitted from antenna TRxA_Ant_a of the 
transceiving equipment A is transmitted to from TRxA_Ant_b from antenna 
TRxA_Ant_b is shown. 
[0097] 

About the field B, C, and SF in each packet shown in drawing 6, it shall be the same 
as that of the thing of the conventional technology shown by drawing 15, and shall 
be generated according to ARIB-STD T-71 specification. DF (a) and DF (b) are data 
fields, and are the same as that of DF shown in drawing 15. In this embodiment, how 
to assign send data every 2 [ 1/] to DF (a) and DF (b), respectively, and assign shall 
be based on arbitrary methods. It adds to the field B, C, and SF, and the preamble D 
for propagation path estimates for SDM-OFDM and D' are included in the preamble 
of each packet, respectively. 
[0098] 

Since the field B, C, and SF is the completely same data in two packets shown in 
drawing 6, The transceiving equipment A and B does not necessarily need to 
transmit these data from both antennas, for example, it may be made to transmit 
only from antenna TRxA_Ant_a about the data of the field B, C, and SF. 
[0099] 

In the transceiving equipment B which received these packets, it can restore to the 
data contained in these packets by carrying out signal processing even of the field B, 
C, and SF in the mode of T-71, and carrying out signal processing of the field after it 
in the mode of SDM first. 
[0100] 

Even when the transceiving equipment C receives these packets, up to the field B, 
C, and SF, signal processing can be performed and it can restore to data. 
[0101] 

About the data contained in SF of two packets shown in drawing 6, it is the same as 
that of the thing of the conventional technology shown in drawing 16. That is, SF 
comprises 24-bit data and the data which the data in which the modulation method 
(Rate) of DF is shown shows the length of DF by 4 bits is contained by 12 bits. 
[0102] 

Since 4 bits of data in which the modulation method of DF is shown are assigned, 16 
kinds of modulation methods can be specified at the maximum. However, by T-71, 
only the actual condition and eight kinds of modulation methods are used, and any 
modulation methods other than these are not specified. 1/2, 2/3, and 3/4 are 
specifically defined as a modulation method as four kinds, BPSK, QPSK, 1 6QAM, and 
64QAM, and a coding rate of an error correcting code, and the transmission rate of 
DF is decided by such combination. 



[0103] 

Since the number of data series used for transmission and reception is 1 in T— 71, if 
the modulation method of the eight above-mentioned kinds of DFs is expressed in 
the form of a transmission rate (a modulation method, a coding rate, the number of 
data series), 6Mbps (BPSK, 1/2, 1), 9Mbps (BPSK, 3/4, 1), It is set to 12Mbps 
(QPSK, 1/2, 1), 18Mbps (QPSK, 3/4, 1), 24Mbps (16QAM, 1/2, 1), 36Mbps (16QAM, 
3/4, 1), 48Mbps (64QAM, 2/3, 1), and 54Mbps (64QAM, 3/4, 1). 
[0104] 

In Rate of above-mentioned SF, 1 1 01 , 1 1 1 1 , 01 01 , 01 1 1 , 1 001 , 1 01 1 , 0001 , and 001 1 
are assigned according to the above-mentioned order, respectively as bit data in 
which the modulation method of these eight kinds of DFs is shown. 
[0105] 

In this embodiment, further Rate of SF as a modulation method of DF in 
communication with SDM-OFDM mode, 12Mbps (BPSK, 1/2, 2), 18Mbps (BPSK, 3/4, 
2), 24Mbps (QPSK, 1/2, 2), 36Mbps (QPSK, 3/4, 2), Eight kinds of 48Mbps (16QAM, 
1/2, 2), 72Mbps (16QAM, 3/4, 2), 96Mbps (64QAM, 2/3, 2), and 108Mbps (64QAM, 
3/4, 2) are included. The number of data series used for transmission and reception 
with SDM-OFDM mode is set to 2. 
[0106] 

As bit data in which a modulation method of DF used in these SDM-OFDM mode is 
shown, 1 1 00, 1 1 1 0, 01 00, 01 1 0, 1 000, 101 0, 0000, and 001 0 are assigned according to 
the above-mentioned order. As compared with assignment of bit data to a 
modulation method of DF in the T— 71 above-mentioned mode, these. Top 3 bits is 
common, and the things with same modulation method and coding rate are assigned 
so that 1 bit of low ranks may change with T— 71 mode or SDM-OFDM modes. For 
this reason, the number of data series used for transmission and reception can be 
judged from 1 bit of low ranks of bit data. 
[0107] 

Although the number of data series is different when the transmission rate by the 
modulation method in T-71 mode and each SDM-OFDM mode is compared in the 
above, there is combination to which a transmission rate becomes the same. For 
example, they are 12Mbps (QPSK, 1/2, 1), 12Mbps (BPSK, 1/2, 2), etc. Thus, since 
the propagation environment for which it was suitable with the number of send data 
series differs even if the transmission rate overlaps in two or more modulation 
methods, it cannot generally be said that it is useless. However, in order to use 
effectively the small number of bits assigned in SF, the assignment which produces 
such duplication cannot be said to be the optimal thing. 
[0108] 

In order to assign the bit data in which the modulation method of DF in SF is shown 
efficiently to various modulation methods, If the number of data series uses the 
modulation method of few directions preferentially when a transmission rate 
becomes the same between different modulation methods, the transmitting and 



receiving processing of data also becomes easy, and is effective also for reduction 
of the power consumption in transceiving equipment. It is made not to assign this bit 
data and may be made to assign a modulation method with many data series by a 
substitute about the modulation method of a direction with many data series among 
the overlapping modulation methods. 
[0109] 

In the above, for example, 12Mbps in SDM-OFDM mode (BPSK, 1/2, 2), 18Mbps 
(BPSK, 3/4, 2), 24Mbps (QPSK, 1/2, 2), To 36Mbps (QPSK, 3/4, 2) and 48Mbps 
(16QAM, 1/2, 2), bit data in inside of SF are not assigned, It can replace with this 
and bit data can be assigned to 144Mbps (64QAM, 2/3, 3) with more data series, 
162Mbps (64QAM, 3/4, 3), etc. 
[0110] 

In the transceiving equipment B which, on the other hand, received a packet shown 
in drawing 6, a bit pattern which shows a modulation method of DF contained in SF 
is detected. In the above-mentioned example, when 1 bit of low ranks of a bit 
pattern are 1, it judges that it is T-71 mode, and in being 0, it judges that it is in 
SDM-OFDM mode. Since the number of data series is two or more, in the case of 
SDM-OFDM mode, the preamble D for propagation path estimates contained in a 
packet and D' are acquired, and propagation path estimate for restoring to an input 
signal with SDM-OFDM mode is carried out to it. It receives as data of a modulation 
method by a SDM-OFDM mho also about DF. 
[0111] 

In the transceiving equipment A and B which can perform wireless data transmission 
with both T-71 mode and SDM-OFDM mode as mentioned above, drawing 7 is a flow 
chart which shows a flow of operation at the time of receiving wireless data. In 
drawing 7, about processing from Step S701 to S709, since it is the same as that of 
the conventional receiving set shown in drawing 1 7, explanation is omitted here. 
[0112] 

The transceiving equipment A and B which received a packet shown in drawing 6 in 
this embodiment, If data which this packet contains a preamble of T-71 system, and 
is contained in SF in that preamble judges with the right, Bit data in which a 
modulation method of DF furthermore contained in SF is shown are detected, and it 
is judged whether it is transmitted in that this packet is transmitted in SDM-OFDM 
mode, or T-71 mode (Step S71 1). The judging standard and method are as having 
described above. 
[0113] 

The transceiving equipment A and B restores to the data contained in DF with an 
SDM-OFDM system, when it judges with a receive packet being transmitted in 
SDM-OFDM mode (Steps S712 and S713). About this recovery processing, it is 
considered as the same thing as the processing in the above-mentioned sending set 
and receiving set of a 1st embodiment. 
[0114] 



By the way, when the packet shown in drawing 6 in the transceiving equipment C 
shown in drawing 5 is received, the reception only of the packet transmitted in T-71 
mode can be carried out. That is, in drawing 7, a series of processings of Steps 
S701-S705 can be performed. However, when what shows SDM-OFDM as a bit 
pattern which shows the modulation method of DF in SF is contained, the data 
besides regulation is contained in SF — since it becomes, it judges that SF has an 
error in Step S703, and progresses to processing of Step S708. 
[0115] 

When received radio field intensity is more than [ predetermined ] threshold value L2 
in Step S709 at this time, it can judge that T-71 carrier communication is in use, 
and the transceiving equipment C cannot perform a send action. 
[0116] 

In the radio data transmission system of this embodiment. The information for 
identifying these using the same preamble in T-71 system and an SDM-OFDM 
system, Since it has composition included in SF as bit data in which the modulation 
method of DF is shown, even if the transceiving equipment of T-71 system and the 
transceiving equipment of an SDM-OFDM system are intermingled in a system, 
wireless data transmission can be performed among these. 
[0117] 

[A 3rd embodiment] 

In the radio data transmission system of a 2nd embodiment, the transceiving 
equipment C of T-71 system. Since SF in a packet is normally unacquirable even if 
it receives the packet of an SDM-OFDM system, there is no other way but to 
measure [ a means to judge the operating condition of carrier communication when 
radio is performed by the SDM-OFDM system ]. Thus, when the operating condition 
of a carrier is judged only based on received radio field intensity, even if an electric 
wave is under reception in other transceiving equipment, there is a problem that a 
send action may be performed without the ability to distinguish this. 
[0118] 

In a radio data transmission system of a 2nd embodiment. As a method of 
distinguishing a signal by T-71 system, and a signal by an SDM-OFDM system, Bit 
data in which a modulation method (are they T-71 system or an SDM-OFDM 
system?) of DF is shown in SF of a transmitting packet are included, and suppose 
transceiving equipment which received this that it is based on these bit data and a 
packet by a system of a gap is judged. 
[0119] 

On the other hand, according to this embodiment, it is characterized by using a 
reserve bit (Reserve in drawing 1 6) contained in SF of a packet. Suppose that 0 is 
specifically assigned to a reserve bit when a packet is what is depended on T-71 
system, and it assigns 1 in being what is depended on an SDM-OFDM system. In 
addition, a radio data transmission system and transceiving equipment of this 
embodiment shall be constituted like a thing of a 2nd embodiment, and shall operate 



similarly. 
[0120] 

Since it can be recognized as it being a packet of an SDM-OFDM system if it 
detects by this that Reserve of SF is 1 even if transceiving equipment of T-71 
system is a case where a packet of an SDM-OFDM system is received, Even if data 
besides regulation is contained in SF, it does not judge that it is an error, but time 
for data length of DF and a waiting state which does not perform transmission and 
reception can be maintained. 
[0121] 

By the way, in the radio data transmission system of a 2nd embodiment, it has 
transmitted including the bit data (Length in drawing 1 6) in which the data length of 
DF is shown in SF of a transmitting packet. Since the modulation method of DF 
cannot be recognized even if the transceiving equipment C of T-71 system is able 
to acquire Length from SF of the packet of an SDM-OFDM system which received, 
The time which reception of a data part including the preamble and DF for SDM- 
OFDM takes can be recognized correctly. 
[0122] 

Therefore, although the transceiving equipment of T-71 system can recognize that a 
receive packet is a packet of an SDM-OFDM system by using Reserve of SF as 
mentioned above, standby time until transmission and reception of the packet 
concerned are completed cannot be judged. In order to cope with this, with the 
transceiving equipment of T-71 system, the time which packet sending and receiving 
takes based on the value of Length acquired from SF of the packet of an SDM- 
OFDM system is estimated, and it is possible to make this into standby time. 
[0123] 

Data communications are considered that standby time which the above estimated 
an SDM-OFDM system from ****** at high speed compared with T-71 system will 
generally become longer than time which actual transmission and reception usually 
take. In this case, after actual transmission is completed, in spite of not transmitting 
an electric wave, there is a period which becomes that transceiving equipment is a 
receive state with as, electric power will be consumed vainly and also timing of 
transmission will be overdue. 
[0124] 

On the other hand, when the estimated above-mentioned standby time becomes 
shorter than time which actual transmission and reception take, transceiving 
equipment operates electric wave detection again (Step S1701 of drawing 17), but. 
Since a preamble of T-71 is undetectable in a reception radio wave, an operating 
condition of carrier communication is judged based on received radio field intensity, 
and it will be in a state (Steps S1 706-S1 707 of drawing 1 7) of waiting for opening of 
carrier communication. However, although it turns out that data communications of 
T-71 system (however, SDM-OFDM modulation is further carried out after a 
preamble) are performed at this time, As shown in drawing 17, the judging standard 



L1 of received radio field intensity at the time of judging that a reception radio wave 

is not T-71 system will be used. 

[0125] 

Therefore, in the wireless data transmission system of a 2nd embodiment. Since the 
above inconvenience arises in the transceiving equipment by T-71 system, there is a 
problem that data communications are not performed efficiently especially under the 
situation where the transceiving equipment by T-71 system and the transceiving 
equipment by an SDM-OFDM system are intermingled. 
[0126] 

So, in this embodiment, it is further characterized by transmitting to Length in SF 
including the data length which applied the data length of DF, and the data length of 
the preamble D for propagation path estimates, and D' about the packet which 
transmits in SDM-OFDM mode. Here, the data length of the preamble D for 
propagation path estimates to add and D' shall be the data length according to the 
time required when the modulation method used for transmission of the packet 
concerned receives. 
[0127] 

Thus, by including in SF the data according to the preamble D for propagation path 
estimates which becomes redundant to the packet of T-71 system among the 
packet of an SDM-OFDM system, and the actual receiving time of D' which is shown 
as for data length, and transmitting, Even if the transceiving equipment by T-71 
system is a case where the packet of an SDM-OFDM system is received, it 
becomes possible to recognize the packet length correctly. Therefore, what is 
necessary is just to change the period equivalent to the packet length concerned 
into the waiting state. 
[0128] 

A concrete example is shown below. A case where the number of send data series 
transmits from an antenna of 2 and both sides and receives 100 bytes of data (a 
total of 200 bytes) by 16QAM R=3/4 with an SDM-OFDM system is considered (in 
transmitting and receiving by T-71 system). 16QAM R = 18 bytes of data can be 
transmitted and received by 1 OFDM symbol three fourths. Let time which 
transmission and reception of the preamble D for propagation path estimates of 
SDM-OFDM and D' take be 2 OFDM-symbol time. 
[0129] 

At this time, set 2 to Rate of SF as a modulation method of DF as 1 6QAM R=3/4, 
and the number of send data series, and to Length. Bit data equivalent to 136 bytes 
which is a value adding 100 bytes which is the data length of DF, and the 2x18=36 
byte (2 OFDM-symbol time) which is the data length of the preamble D for 
propagation path estimates and D' are set up. Reserve (reserve bit) of SF is set as 
one. 
[0130] 

In [ if it was set up in this way and transmitted and packet reception of the 



transceiving equipment of an SDM-OFDM system is carried out ] SF in a packet, It 
detects that Reserve is one, that data length is set as 1 36 bytes by Length, and that 
a modulation method is set as 1 6QAM R=3/4 by Rate. By modulation method 
16QAM R=3/4, transceiving equipment can be judged to be 18 bytes by which data 
length of the preamble D for propagation path estimates and D' is equivalent to a 
part for 2 OFDM-symbol time, and can be computed as data length of DF is 100 
bytes. It judges that data length of SDM-OFDM is total and is 200 bytes since the 
number of data series is 2 by Rate of SF, and restores to an input signal such. 
[0131] 

On the other hand, when the transmitting packet of the above [ the transceiving 
equipment of T-71 system ] is received, In SF in a packet, it detects that Reserve is 
one, that data length is set as 136 bytes by Length, and that the modulation method 
is set as 16QAM R=3/4 by Rate. Since it can recognize that transceiving equipment 
contains the data which cannot restore to a packet since Reserve is 1, judgment 
that SF has an error is not made. Since it turns out that data length including a part 
for the preamble D for propagation path estimates and D' is 136 bytes, transceiving 
equipment can maintain the period equivalent to this, and the waiting state which 
does not perform transmission and reception. 
[0132] 

[A 4th embodiment] 

In the radio data transmission system of a 2nd above-mentioned embodiment and a 
3rd embodiment, In transmitting and receiving data using two antennas and two data 
series with an SDM-OFDM system, send data was divided into two in the 
transmitting side, and it has specified it that each is included in DF (a) and DF (b) of 
a transmitting packet, and it transmits. These two DFs are the same data length, and 
they are to become irregular with the same modulation method and to be 
transmitted. 
[0133] 

However, it is convenient if two different data in these two data series can also be 
transmitted. In this case, although data length of DF (a) and DF (b) does not 
necessarily become equal, in a radio data transmission system of a 2nd embodiment 
and a 3rd embodiment, it needs to make the same data length of DF (a) and DF (b), 
and needs to transmit. DF (a) and DF (b) cannot be modulated with a different 
modulation method, and it cannot transmit, either. 
[0134] 

A radio data transmission system concerning a 4th embodiment of this invention 
transmits and receives data by packet composition specified in order to cancel such 
inconvenience. Except for this packet composition, it is considered as a thing of a 
2nd embodiment and a 3rd embodiment, and same thing about composition and 
operation of transceiving equipment used for a radio data transmission system of 
this embodiment, and this. 
[0135] 



Drawing 8 is a figure showing roughly packet composition of data of an SDM-OFDM 
system transmitted and received in a radio data transmission system of this 
embodiment. In a packet shown in drawing 8, about the field B, C, and SF, D, and D\ 
since it is the same as that of what is shown in drawing 6, explanation is omitted 
here. 
[0136] 

In packet composition in this embodiment, the feature of inserting the signal fields 
SF (a) and SF (b) is carried out, respectively between the propagation path estimate 
symbol D of an SDM-OFDM system, and D' and DFs (a) (b). SF (a) and SF (b) 
contain data in which a modulation method (Rate) and data length (Length) of DF (a) 
and DF (b) are shown, respectively. This packet includes information which shows 
whether it is what is depended on an SDM-OFDM system in Reserve of SF like a 
2nd embodiment and a 3rd embodiment. Also in Length of SF, it is preferred that the 
same data as a 2nd embodiment or a 3rd embodiment is included. 
[0137] 

By this transceiving equipment of an SDM-OFDM system which received these 
packets, First, if it recognizes that a receive packet contains data of an SDM-OFDM 
system by Reserve of SF, based on following SF (a) and SF (b), recovery processing 
of data contained in DF (a) and DF (b) can be performed further. In this way, two 
packets containing different data are transmitted and received according to a data 
series different, respectively, in a receiver, recovery processing which became 
independent to each packet can be performed, and data can be acquired. 
[0138] 

In this embodiment, since it constitutes like conventional SF shown in drawing 1 6, a 
format of SF (a) and SF (b) can be processed as usual in transceiving equipment of 
this embodiment. For this reason, in using this embodiment, it is not necessary to 
decide new specification at all. 

When transceiving equipment of T-71 system receives a packet of this embodiment, 

it shall process like a 2nd embodiment and a 3rd embodiment. 

[0139] 

[A 5th embodiment] 

Although a physical operating condition of carrier communication can be checked by 
measuring a reception radio wave in transceiving equipment in the above 2nd - a 4th 
embodiment, a logical operating condition of carrier communication cannot be 
checked by this method. In an SDM-OFDM system, since inside of MAC control 
information is included in a data field of a packet and data in which a reserved period 
of a medium which is needed for a series of communications is shown is contained in 
this MAC control information, this data shows a logical operating condition of carrier 
communication. 
[0140] 

However, in the transceiving equipment which performs only radio by T-71 system, 
since it cannot restore to the data field of the packet by an SDM-OFDM system, 



the logical operating condition of carrier communication cannot be checked. 
However, in order to stabilize the radio data transmission system of this invention 
more and to operate, also in the transceiving equipment which performs only radio 
by T-71 system, it is preferred that the logical operating condition of carrier 
communication is acquirable from this MAC control information. 
[0141] 

Then, it is characterized by performing **** communication for packets constituted 
from a wireless data communication system concerning a 5th embodiment of this 
invention so that the MAC control information included in the packet of an SDM- 
OFDM system also with the transceiving equipment of T-71 system could be 
received. Except for this packet composition, it is considered as the 2nd - the thing 
of a 4th embodiment and the same thing about the composition and operation of the 
transceiving equipment used for the radio data transmission system of this 
embodiment, and this. 
[0142] 

Drawing 9 is a figure showing roughly the packet composition of the data of the 
SDM-OFDM system transmitted and received in the radio data transmission system 
of this embodiment. In the packet shown in drawing 9, since it is the same as that of 
the field B, C, and SF, D, D', and the thing shown in drawing 6 and drawing 7 about 
SF (a) and SF (b), explanation is omitted here. 
[0143] 

In the packet shown in drawing 9, it uses as a flag which shows whether this packet 
is an SDM-OFDM system about Reserve (reserve bit) of SF, or it is T-71 system 
like the above-mentioned 3rd - a 4th embodiment. Length of SF contains the data in 
which length is shown. DF includes only MAC control information as data. DF (a) and 
DF (b) contain the transmission data except MAC control information, respectively. 
[0144] 

The transceiving equipment of the SDM-OFDM system which received the packet of 
such composition, While restoring to B in a packet, C, SF, and DF by T-71 system, 
based on the value of Reserve in SF, it restores to D, D', SF (a), SF (b), DF (a), and 
DF (b) with an SDM-OFDM system. 
[0145] 

The transceiving equipment of T-71 system which received the above-mentioned 
packet restores to B in a packet, C, SF, and DF by T-71 system. Although 
transmission data is not contained in DF, since MAC control information is included, 
thereby, transceiving equipment becomes possible [ recognizing the logical thing 
operating condition of carrier communication ]. 
[0146] 

[A 6th embodiment] 

The radio data transmission system concerning a 6th embodiment of this invention 
is characterized by the number of send data series being identifiable with the 
preamble pattern in a packet. Except for this packet composition, it is considered as 



the thing of each of above-mentioned embodiments, and the same thing about the 
composition and operation of the transceiving equipment used for the radio data 
transmission system of this embodiment, and this. 
[0147] 

Drawing 10 is a figure showing roughly the packet composition of the data of the 
SDM-OFDM system transmitted and received in the radio data transmission system 
of this embodiment. The packet shown in the upper row of drawing 10 is a packet 
transmitted when the number of send data series is 1, and the packet shown in the 
lower berth is a packet transmitted when the number of send data series is 2. 
Among these packets, since it is the same as that of C, SF, DF, D, D', and the thing 
shown in drawing 6 and drawing 7 about DF (a) and DF (b), explanation is omitted 
here. 
[0148] 

A packet shown in the upper row of drawing 10 is the same composition as a packet 
by T-71 conventional system, and is ability ready for receiving also in which 
transceiving equipment of T-71 system and an SDM-OFDM system. As the whole, a 
cycle is TB and the preamble B of this packet is generated by repeating the signal b 
of an equal pattern of periodic Tb 10 times. 
[0149] 

On the other hand, in a packet shown in the lower berth of drawing 10, the preamble 
B is twice the length of a packet shown in the upper row, namely, it is generated by 
repeating the signal b of an equal pattern of periodic Tb 20 times. Here, although the 
length of the preamble B of a packet shown in the lower berth is made into what 
[ twice ] is shown in the upper row, this is only an example of 1 composition of a 
packet, and the length of the preamble B can be set as any value in this embodiment. 
[0150] 

The transceiving equipment of T-71 system and an SDM-OFDM system, If the signal 
having contained each of above-mentioned packets is received, the signal with 
which only period Tb delayed the input signal is generated, correlation with this 
signal delay and input signal is taken, and detection of the existence of a signal and 
detection of receiving timing are performed from the pattern of this correlation. Here, 
the correlation between two signals means the similarity of the complex signal which 
the above-mentioned signal delay and each input signal contain. Complex 
multiplication of the amplitude of the complex signal which both signals contain is 
specifically carried out, and the value with which it integrated between period Tb is 
made into the correlation value. 
[0151] 

Drawing 1 1 is a figure showing the output wave of the correlation value which is 
computed as mentioned above and outputted from the preamble signal of each 
packet shown in drawing 10. The upper row of drawing 1 1 is a waveform outputted 
as a correlation value of the packet shown in the upper row of drawing 10. Since the 
preamble B of this packet repeats the signal b of periodic Tb 1 0 times and is 



generated, if correlation with that signal delay is taken, a correlation value will 
become large between period 9xTb mostly. The lower berth of drawing 1 1 is a 
waveform outputted as a correlation value of the packet shown in the lower berth of 
drawing 10, and it becomes mostly in between like the above period 1 9xTb [ the 
correlation value with the signal delay ] greatly. 

In the wave form chart shown in drawing 1 1 , since it has ignored about various kinds 
of noise components, it is a linear waveform. Correlation will be strong, so that time 
is taken along a horizontal axis, both the figures of the upper row and the lower 
berth have taken the correlation value along the vertical axis and the value of a 
correlation value is large. 
[0152] 

As shown in drawing 1 1 , in the transceiving equipment of T-71 system and an SDM- 
OFDM system, the fixed threshold value is set up to the correlation value detected 
from an input signal. Transceiving equipment can detect the period Tcor when the 
correlation value of the received preamble signal exceeds this threshold value, and 
can identify the kind of input signal now based on this. 
[0153] 

For example, the transceiving equipment B shown in drawing 5 in order to receive 
the packet by the both sides of T-71 system and an SDM-OFDM system in the 
receiving set B. It constitutes so that it may operate as transceiving equipment of 
T-71 system, in the period Tcor when the correlation value of the received preamble 
signal exceeds a predetermined threshold value is computed, operating as 
transceiving equipment of an SDM-OFDM system in being Tcor>15xTb, and being 
Tcor<=15xTb. It judges appropriately whether it is that by which a receive packet 
twists transceiving equipment to T-71 system by this, or it is what is depended on 
an SDM-OFDM system, and it becomes possible to operate as transceiving 
equipment by the system of the applicable one. Here, although it is making into the 
boundary condition whether for Tcor to exceed 15xTb as a standard which judges 
the communication method of a receive packet, any value can be set up with the 
threshold value over a correlation value. 
[0154] 

On the other hand, since the transceiving equipment C shown in drawing 5 is 
conventional transceiving equipment only for T-71 system, it does not have the 
function to judge the communication method of the above receive packets, but the 
packet of T-71 system as shown in the upper row of drawing 10 is received, and, 
naturally it can get over. When the transceiving equipment C receives the packet of 
the SDM-OFDM system shown in the lower berth of drawing 10, Although restoring 
to transmission data is unreceivable, since the preamble pattern of a packet is 
common to T-71 system, Even if it is possible to detect a reception radio wave and 
the packet of the above SDM-OFDM systems is transmitted and received in the 
radio data transmission system as shown in drawing 5, it does not have an adverse 
effect to a system. 



[0155] 

As described above, by a number of a transmission antenna used in an SDM-OFDM 
system. By changing a preamble pattern of a transmitting packet, it becomes 
possible to develop a system of an SDM-OFDM system on a radio data transmission 
system of T-71 system by which actual condition employment is carried out. 
[0156] 

[A 7th embodiment] 

A radio data transmission system concerning a 7th embodiment of this invention is 
characterized by constituting so that a communication method of a receive packet 
can be identified by a preamble for SDM-OFDM propagation path estimates in a 
packet in equipment of a receiver. 
[0157] 

Drawing 12 is a figure showing roughly an example of composition of a packet of an 
SDM-OFDM system used in a radio data transmission system of this embodiment. In 
a packet shown in drawing 12, B, C, and SF shall be constituted like a packet by T- 
71 conventional system. Therefore, composition which includes data for identifying a 
communication method of a packet in Rate and Reserve of SF like each above- 
mentioned embodiment, or shows a communication method with data length of B is 
not taken. 
[0158] 

In drawing 12, the preamble D for SDM-OFDM propagation path estimates and D' 
contain data called D1, D2 and D1, and -D2, respectively. D1 is data contained in 
common with a head of D and D', and a receiving set becomes possible [ identifying ] 
about data of an SDM-OFDM system following below with this data. For example, 
what is necessary is just to constitute in a receiving set, so that it may have 
correlator which computes a correlation value, when the same waveform as D1 is 
received. 
[0159] 

It operates correlator and detects whether a signal following SF has waveform D1 
and correlation while restoring to B, C, and SF with T-71 system, if a receiving set 
of an SDM-OFDM system is received [ a packet shown in drawing 12 ]. When 
correlation is detected (a correlation value computed by correlator exceeds a 
predetermined threshold value), it judges that data following below is data of an 
SDM-OFDM system, and restores to DF (a) or DF (b) using a propagation way 
procession presumed by D1 and D2 (- D2). 
[0160] 

It becomes possible to generate, transmit and receive a packet of an SDM-OFDM 
system, without adding change to data of SF already defined by T-71 according to 
packet composition shown in drawing 12, and composition of the above receiving 
sets. 
[0161] 

In a radio data transmission system of this embodiment. Since a waveform of an 



OFDM symbol of the beginning of DF following SF is in agreement with D1 by chance 
or has high correlation even if it is a case where a packet of T-71 system is 
received, It may happen to judge this packet to be a packet of an SDM-OFDM 
system accidentally in a receiving set. What is necessary is just to insert Null (non- 
signal state), for example between SF, and the preamble D for propagation path 
estimates of an SDM-OFDM signal or D', in order to avoid such a detection error. 
About composition and operation of transceiving equipment used for a radio data 
transmission system of this embodiment, and this except for component part 
explained in the above, it is the same as that of a thing of conventional technology. 
[0162] 

As mentioned above, although the concrete embodiment was shown and described 
about the radio data transmission system and wireless data transceiving equipment 
of this invention, this invention is not limited to these. If it is a person skilled in the 
art, it is possible to add various change and improvement to the composition and the 
function of invention which are applied within limits which do not deviate from the 
summary of this invention at each above-mentioned embodiment or other 
embodiments. 
[0163] 

Especially, by each above-mentioned embodiment, in order to simplify explanation, 
only two antennas and the system using the two numbers of data series are shown, 
but this invention is not necessarily limited to this and can establish the space- 
division multiplexing system by arbitrary space multiplexed numbers. 
[0164] 

Although ARIB-STD T-71 is illustrated in each above-mentioned embodiment as a 
conventional communication method used in accordance with an SDM-OFDM 
system, this invention is not necessarily limited to this and can be applied to 
IEEE802.1 1a etc., for example. 
[0165] 

[Effect of the Invention] 

As mentioned above, as explained, according to the radio data transmission system 
and wireless data transceiving equipment of this invention. A radio data transmission 
system and wireless data transceiving equipment to which two or more antennas are 
used and transmission and reception by two or more data series are made with an 
SDM-OFDM system in the same frequency band are provided. 
[0166] 

In using such an SDM-OFDM system by a 5GHz bandwidth, a radio data 
transmission system and wireless data transceiving equipment provided with 
compatibility with radio communications systems, such as conventional ARIB-STD 
T-71 and IEEE802.1 1a, are provided. In the radio data transmission system of this 
invention, even if the transceiving equipment of an SDM-OFDM system and the 
transmission and reception system by the conventional system are intermingled, 
Since it can constitute so that the transceiving equipment of another side may not 



start transmission while one transceiving equipment communicates, it becomes 
possible to provide the stable communications system. 
[Brief Description of the Drawings] 

[Drawing 1]It is a block diagram showing roughly the composition of the sending set 
used in the radio data transmission system concerning a 1st embodiment of this 
invention. 

[Drawing 2]It is a flow chart which shows the flow of the send action of the space 

division multiple control data in the sending set shown in drawing 1. 

[Drawing 3]It is a block diagram showing roughly the composition of the receiving set 

used in the radio data transmission system concerning a 1st embodiment of this 

invention. 

[Drawing 4]It is a flow chart which shows the flow of the receiving operation of the 
space division multiple control data in the receiving set shown in drawing 3. 
[Drawing 5]It is a figure showing roughly the composition of the radio data 
transmission system concerning a 2nd embodiment of this invention. 
[Drawing 6]It is a figure showing roughly the composition of the packet transmitted 
and received in the radio data transmission system shown in drawing 5. 
[Drawing 7]It is a flow chart which shows the flow of the processing at the time of 
performing receiving operation in the transceiving equipment A and B shown in 
drawing 5. 

[Drawing 8]It is a figure showing roughly the packet composition of the data of the 
SDM-OFDM system transmitted and received in the radio data transmission system 
concerning a 4th embodiment of this invention. 

[Drawing 9]It is a figure showing roughly the packet composition of the data of the 
SDM-OFDM system transmitted and received in the radio data transmission system 
concerning a 5th embodiment of this invention. 

[Drawing 10]It is a figure showing roughly the packet composition of the data of the 
SDM-OFDM system transmitted and received in the radio data transmission system 
concerning a 6th embodiment of this invention. 

[Drawing 1 1]It is a figure showing the output wave of the correlation value of the 
signal concerned computed from the preamble signal of each packet shown in 
drawing 10. 

[Drawing 12]It is a figure showing roughly the packet composition of the data of the 
SDM-OFDM system transmitted and received in the radio data transmission system 
concerning a 7th embodiment of this invention. 

[Drawing 13]It is a figure showing roughly the example of 1 composition of the radio 
communications system using SDM in conventional technology. 

[Drawing 14]It is a figure showing the example of the packet format of the preamble 
for propagation way measurement transmitted from antenna TxAnt_A and TxAnt_B 
of a sending set which are shown in drawing 13. 

[Drawing 15]lt is a figure showing roughly the composition of the communication 
packet used in the OFDM wireless communication system using a 5GHz bandwidth. 



[Drawing 1 6]It is a figure showing the composition of the data contained in the signal 
field (SF) of the communication packet shown in drawing 15. 

[Drawing 17]In the receiving set by ARIB-STD T-71 specification, it is a flow chart 
which shows the flow of the processing which receives a radio transmitted wave, 
and to which it restores. 
[Explanations of letters or numerals] 

101 Send data generation part 

102 Space division multiple control data generating section 

103 Transmission-control circuit 

104A, a 104B OFDM signal generating part 

105A, a 105B RF section 

106A and 106B Antenna 

301 A and 301 B Antenna 

302A, a 302B RF section 

303A, a 303B OFDM signal receive circuit 

304 Space division multiple control data analysis circuit 

305 Reception-control circuit 

306 SDM treating part 

307 Received-data treating part 
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reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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[Brief Description of the Drawings] 

[Drawing 1]It is a block diagram showing roughly the composition of the sending set 
used in the radio data transmission system concerning a 1st embodiment of this 
invention. 

[Drawing 2]It is a flow chart which shows the flow of the send action of the space 
division multiple control data in the sending set shown in drawing 1 . 



[Drawing 3]It is a block diagram showing roughly the composition of the receiving set 
used in the radio data transmission system concerning a 1st embodiment of this 
invention. 

[Drawing 4]It is a flow chart which shows the flow of the receiving operation of the 
space division multiple control data in the receiving set shown in drawing 3. 
[Drawing 5]It is a figure showing roughly the composition of the radio data 
transmission system concerning a 2nd embodiment of this invention. 
[Drawing 6]It is a figure showing roughly the composition of the packet transmitted 
and received in the radio data transmission system shown in drawing 5. 
[Drawing 7]It is a flow chart which shows the flow of the processing at the time of 
performing receiving operation in the transceiving equipment A and B shown in 
drawing 5. 

[Drawing 8]It is a figure showing roughly the packet composition of the data of the 
SDM-OFDM system transmitted and received in the radio data transmission system 
concerning a 4th embodiment of this invention. 

[Drawing 9]It is a figure showing roughly the packet composition of the data of the 
SDM-OFDM system transmitted and received in the radio data transmission system 
concerning a 5th embodiment of this invention. 

[Drawing 1 0]lt is a figure showing roughly the packet composition of the data of the 
SDM-OFDM system transmitted and received in the radio data transmission system 
concerning a 6th embodiment of this invention. 

[Drawing 1 1]It is a figure showing the output wave of the correlation value of the 
signal concerned computed from the preamble signal of each packet shown in 
drawing 10. 

[Drawing 12]It is a figure showing roughly the packet composition of the data of the 
SDM-OFDM system transmitted and received in the radio data transmission system 
concerning a 7th embodiment of this invention. 

[Drawing 13]It is a figure showing roughly the example of 1 composition of the radio 
communications system using SDM in conventional technology. 

[Drawing 14]It is a figure showing the example of the packet format of the preamble 
for propagation way measurement transmitted from antenna TxAnt_A and TxAnt_B 
of a sending set which are shown in drawing 13. 

[Drawing 15]lt is a figure showing roughly the composition of the communication 
packet used in the OFDM wireless communication system using a 5GHz bandwidth. 
[Drawing 1 6]It is a figure showing the composition of the data contained in the signal 
field (SF) of the communication packet shown in drawing 15. 

[Drawing 1 7]ln the receiving set by ARIB-STD T-71 specification, it is a flow chart 
which shows the flow of the processing which receives a radio transmitted wave, 
and to which it restores. 
[Explanations of letters or numerals] 

101 Send data generation part 

102 Space division multiple control data generating section 



103 Transmission-control circuit 

104A, a 104B OFDM signal generating part 

105A, a 105B RF section 

106A and 106B Antenna 

301 A and 301 B Antenna 

302A, a 302B RF section 

303A, a 303B OFDM signal receive circuit 

304 Space division multiple control data analysis circuit 

305 Reception-control circuit 

306 SDM treating part 

307 Received-data treating part 

[Translation done.] 
* NOTICES * 

JP0 and INPIT are not responsible for any 
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1 This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[ 0 0 6 3 ] 

siMWiwiaKi 0 3 (4, m^mmmKwm-r^ryT-rmk x^f-^^jtk 1 

k t x&O'k 1 fcTOfc±*fc»53>kf&jF3*t*te"C**K **%BE|-Cf4, itt£>(4lX 
(4 2 Offi^lXS £ t C^^o 
[0 0 6 4 ] 

0 F DMft4ii 10 4 AS^ 1 0 4 B (4, Ztl^tl, ¥ {k&M 1 0 1 tf*S>S 

# Ltlf #t*0 F DMitt^W LT, R 1 0 5 A&O? 1 0 5 B KBtrfZo £ 
fc, 0 F DM^^figfM 0 4B-Cf4, ^^SWf-^Ml 0 2t5^$#L 

[0 0 6 5 ] 

R FSB 1 0 5 A&O* 1 0 5 B (4, 0 FDMffM 1 0 4 A&O? 1 0 4 B K^s^TM 

0 6Bi:HJ^lt£o T^x^l 0 6AM1 0 6B (4 i *T t> <^#4§-£tejjtM#"? _ & o 
[0 0 6 6 ] 

"f~<& o 
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[0 0 6 7 ] 



fPx- ^ <7> Si-it fczbfco "Hi, 



5l fn J 



raMIMIWf-^4©10 2, 0FDM#-^£j£gB 1 0 4 B, R F §15 1 0 5 BS 
[0 0 6 8 ] 

[0 0 6 9 ] 



tSo ^#^§(4> ilSf&Ufp-r-^^Sr'fiLfvicot^Dx-^m^jm; "9, T^-rT-Stk 
t x&O^- ^i^ij^ck 1 tSt#Br!i-e&S*§^KfiA ck (Acknowledge: 
-^co^KX V) jiMBri6"C*4 £ t ^*P*i-&) liWIbtitLlfNa c k (No 
n-Acknowl edge : % <D 0ki$-?? &M^^f*S %> & £ t Sr^^-fS) 

[0 0 7 0 ] 

iI#SSl4, Iff-^tLTAc k^ff L/:H^C(t ±fE0J^*f* - 9 K «t «9 L 
tcT ^77-^tk t xJlO ? T f -^^JSfck 1 -*SS#*ff^ N a c k *$#L^4&-^»-tt. 

£^"9^1-^ £ KJ: 19 > T >7 7Sck t xS^f-^^JItk 1 coim^^^W^^W 
f^ftfti ftofc t § BM^JiA c k it t ft&o 

[0071] 



EI 2 14, SI#^1lH*^4^ra5 



$p -r ^ ? <9^ii 3fE*l. ^t^T 7 n - ■f- ^ - 



la 



. [El 2 lc^i--7n--7-r- >-c(±. If i 1 1: * it ^ 7 > r t iS ^If f 
[0 0 7 2 ] 

m^rj^-r^tuco^'ftsfin^^T, ji#f'jfpnii^ 1 0 3£ti\ kx^'k 1 x c7)fgti 



ftfljfp-r- 9 £M#L* 



frTjk-t^yJ - 9N a c k *|E 'It lj . 



In 



^'blUsbfei* A c k ft^oTtrll 
m^N a c k«ttCI±*Hfflt LT 0 s&*fg jg 3 *LT v> *> „ S fcfc 
fifijfp^- ^^kfifeflS 10 2 ~CJ4. 7*- i:fflv^i#7>rttt LT k t x = n> 

7- ^M^ISfet LT k 1 = n**StJg3 *LTV»* fc<Z>fc1-* Ur-;7"S 2 0 0 ) » 
[0 0 7 3 ] 

lf\ HtSSfi, ^M#*B#MfM®-7 v -*£j£g|5l 0 2 t*v»"CKS3tLTV^3l#7 
>ftSktxi:, n75^N a c kc7)fg^MC7tfg^f^A-r-&o f-^Mkl 
K4>, n^t)Nac k^f^Cfcf ^At* Uf^S2 0 1) 0 ££T?f4, Na 
c k = 0 ft kt x = kl = n«)iit*4o * fc, i k t x = 0 S ^ ^ 

?^£#IJgU ktx = 0^Hl±M^7t^ (Xf 7 7°S 2 0 2 ) 0 
[0 0 7 4 ] 

^€H®(4, ^M^ftl#MMfP^-^£)Ml 0 2 Ki$\,*xm&&fe2tlX^2,m 



Sl-lg-r* (^r-;7S 2 0 3) 0 
[0 0 7 5 ] 



9^^mmwv~ 



(12) 
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gismMfrhA c k^SitfcM Uf 2 0 4) M#T^"r^3&k t x S. 

tff-^^mafek 1 -C(D M #^PTt^-e fciWUfLT, m#ft'J#P0S&i 0 3H*V>TJ^LI* 
©a#i:«fflti7Vrtlickxi:k t x^ffiS:, f-?^Jtk 1 x i:k 1 * 

[0 0 7 6 ] 

^ilt^tN a c k £5r€L W4— S^Mft ^Mt 5 ^ * t^tLftii^ 
fc®^ Uf'7^S 2 0 4) 14, N a c k c^ffi £ 1 if ftp S * (Xr77 P S 2 0 5) , ^ 
f7^S2 0 1 tM4o Xfy^S201 £|3V»T\ ^^^Sfl#Mf&U#Px- * ^fife^B 1 0 

2 ^^JtiSHtT^-r^Jfck t xSOr- ^yiJSfek 1 SrWKSSLfc^ k t xj&'O-CS: 

[0 0 7 7 ] 

^iTi: LT> SMiT V-r^jfifck t xRUT- ?&&mk 1 * 1 fo^C^^^SK^ 
#J#»J$Px-^£SMSm^j£#U gfSt^Uc k *£#Lfci$A-C<*>3§!#T> 

A c k *^#i"4lr^ k t x = 0 t (X-r y ^S 2 0 2 ) li, 

[0 0 7 8 ] 

03 fc*SV>t\ *^*S3^3l<^5£#$g1i(i, 7 >ft 3 0 1 AS^3 OlBfc, R F $P 3 0 
2ARV3 0 2 Bt, 0 F D M#-^S#E1J» 3 0 3 AS^3 0 3 BL ^^^f!)#fiMilP 
7*-^##f|gj&3 0 4 i, S#ffr)J$P0ig§3 0 5 t, S DM#kglgB3 0 6 <b > &&T~?S& 
3gB3 0 7 fc^e>ffltBfc?*LTV»4 0 

[0 0 7 9 ] 

RF35 3 0 2 AS. ^ 3 0 2 B J4, ML-r-^feB^i »)If iS^SiL^RFff 

x -f v * jv mm J»»±i£ ^i^i" & R F @ E& =H» x. "T V> & o 

0 F DM#^-$H0g&3 0 3 AS^'3 0 3 BI±> RF^3 0 2At5.O ? 3 0 2B MV^TJH 

ft LTO F DM|tPiM£fr a fc*^0i!&*'l»^.T^i o 0 F 

DM##^HI£&3 0 3 B (4, £fc, 5&#€-^^^**L4^W5-iJ^S«!HW7*-^S:«jHi 

u ^ms-m^mmr- ?m$fmm 3 o 4 c^t^o 

[0 0 8 0 ] 

^W#fd£SWiP7*~*JSWgi»3 0 4 {4. OFDM#-^H[IIg&3 0 3 Bs5^fiLfc 
^M^*!l#mMfPx- ^^f»|fL, ^ II] g& 3 0 5 i:to^t4o JMfcttK 
(4, ^MMI#SM$Px- ?K-&£ti2> k t xSC^k 1 Lfflit4 *> <75 1 1£ 8 

[0081] 

£#M#Piai§&3 0 5 (4, ^M^§S#S*0W7*-^^liIg&3 0 4 ^^$HL7t^H^*!l# 
fiflJfP^- * fcg^*"C\ 0 F DM##^^[1J^3 0 3 A^O'3 0 3 B t 3 
0 6 t £MfPi-&o i^^lJW<7)^^^^v^Tf4> ^TJVn'UXAlcUtO^^)!!) 5 

[0 0 8 2 ] 

$#^ijffli[5]i^3 o 5 (4. ttz, mi K^-rmmmu<Dm^Mmm^ i o 3 

ift^^tf-^fftffflt^T^rttk x&crf-^yiJSfek 1 x £MfPi-&# 
7*- * iUkSflS 3 0 7(4, ®li|£ft*:$€#-^*f U H «9 ^<7># £ £ «kSl * 

[0 0 8 3 ] 
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*^JSBlTi4. <S#$lJliP0g&3 0 5 K&^Xk x = k 1 x = 1 tffigSJlTV^S^K 
tt, 7>ft3 0 IB, RF^3 0 2 B, 0 F D MH#$lt ®j& 3 0 3 BS^ff^^ 
M^3 0 7 =t V) S&#Kl^S:fr?o $#MfP0l^3 0 5 C^tk x = k 1 x = 2 
5g3*L"CH«>i&^KJ±, 7>ft30 1A, RF^3 0 2 AS^OFDMf-fSii^S 
03At, 7>ft301B, R F$I5 3 0 2 BXIFO F D Mlt-f-^H!ji& 3 0 3 B t<D 2 
^<DT- 9^}X^^^^{&MLtz^ SDM#kS§|$3 0 6 fcdsHT Zfl h 2 o?)f- 

^^J^fe<^OFDM##*#J*LT$#^-^«^g|J3 0 7 t:J: <9«kaL*ff ft> S 
DMM3 0 6 fcjatt* 0 F DM^-^W&f&iUkmt, ±si$£% <£> L tz <D b ffi 

[0 0 8 4 ] 
[0 0 8 5 ] 

*: ^ Mm £ wuMkf * * , r > -r ^ & t r- 9 &m&ib*m ct* s 

[0 0 8 6 ] 

g&3 0 4 fci3V>T#ftf U f-^i:^Jtl^k t x^^k KOf Uf^S 
301) o 
[0 0 8 7 ] 

5&#$!Hftiatt 3 0 5 14, k t xSO'k l^tttk r x aOftt^Jfctti (Xr-77S3 

02) o WJ-eii, k t xtk l^ffiiif Lvio-e, k 1 <?>^.*ikm\zm^%> 0 

-y ~? S 3 0 2 Kte^X, k l^k r x a"P*Jl#i:ii, k t xS^k 

kk$>K Uf?7S 3 0 3) > $#»PtIIS&3 0 5 K*3V>T, # ^ f£ ffl 1" & 
7>rttkx5O i r-^0Jtk 1 xK, ZtifrfL, k t xl^'k KomZfoX-** ( 
Xf-?7S 3 0 4) o Ac k £3Si#Lfc^fi> l#St^f)7>Ttik t xS^f-^ 
m^U^k 1 J: 19 7*- ^3§Hg**H*&S fLfcWC, t^ftiik^Tli Ur?7 
S 3 0 5 ) o 
[0 0 8 8 ] 

.X-r y ~f S 3 0 2 Kte^X, £tz, k 1 >k r x at|,^^i:|i, k t x^^k lt^ 

Nac k*33l#i-4*S *4VM4^<ibf^*fi : *>Ti-*!yffi*j|*T1"4o 
[ 0 0 8 9 ] 

^ L T , V 3Hg§6© <£> W T-ffiffl W & 4£ H XMX <D T > -r ^ V 7*- * &m 

[0 0 9 0 ] 

fss , iie-e tt^m&WKD &mt- 9 v x t a k & ^ x m v> * infuse o^nsi e 
£ sins ^ at LxmwLL?zm*^LtzfiK ztihz-mkLtzm^mnt Lxmm-r 

%>z\h & nrt^-e$)i>o 

[0 0 9 1 ] 

HI 5 (4, ^IS&^c7)^2*ife^^^^-5»te^x- ^fx^lv-XxA^M^fttf&fitl^^i-S 



(14) 
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[0 0 9 2 ] 

^fx.T^I>o — iiSMSfiC f±, ARIB-STD T-7 RIEEE 8 0 2. 

1 1 af <7)f 5 G H zf ^ttfflt^illiy^rA-Ci^tSMiitT^ f) , 
MtMte^T 5 G H z w^fflV^Tfi 1 ^ fcO-Cifc&o 

[0 0 9 3 ] 

^> S5^-r=fc? g^fitc^AR ib-std T-7ift 

MfitBW^-CttSDM-OFDMMCi^iliitDi, T-7 
[0 0 9 4 ] 

±ie<^j; >) Km^fitz^^m^M^^M-r-^i^^y^T S DM-OFD 

[0 0 9 5 ] 

H^-fJ: "9 fc, 3i^€SSA(±, 2^<DT >rtTR x A A n t_aMTR x A A 

n t _b *fflv^ ISf^tB tdU 2 $(07>rtTR x B A n t _aRU ! T R x B_ 

Ant b £M^Trr-?f5M£fT0 it^ti^o 

[ 0 0 9 6 ] 

^3^#3tL*^^^ ><^«J**W*W^i-|a-C*4o H6 from TRx 

A A n t_a 14, Ifl8lAtor>rtTR x A A n t _ a J^fcj&Mi ? frlS y 

from TRxA_An t_bli, T^rtTR x A_A n t_b ?5^If ?tL 

[0 0 9 7 ] 

IS 6 KTsk-t&'tfry M^lt&H^B, C. SFi:o^tl±, El 1 5 "C^ L <£> 
tOfcRif*!?, ARIB-STD T-7 lftW^oT4*S*l4 i b©fct4o 4 
fc, DF (a) SC^DF (b) (4 * 7 -f - ;v FT* *) , 01 5 C^tDFtNI-e* 
So ^*fiBfU~£^Tfi, iff-n/2o^^, ZH^ti, DF (a) XtfDF ( 

hC^'JTV^KIi, f«B, C, S F iJP x. t\ S D M — 0 F DMffi©fstt§£ffl 
[0 0 9 8 ] 

r^, IE! 6 K^k-f 2 o<o;tfr y M:*v»T, HJ^B> C, S F (i^r < lU C y*— 9 ~hiztb 
, S A & O 5 B ti^T U & M^<?> T > -r ^ tf> ?> i ft t> <o 9 Sr^Hgi" 4 #3?tt & 
<,M^tf>HttB, C, S F<Dr- ^^o^T(4> 7>f tTR x A A n t afrh 

<7)^^M1"& i^atu^o 

[ 0 0 9 9 ] 

£ftt>c7V^ y h^§fL/;MfStBTlJ:, if\ |«B, C, SFft^T-7 1 

ft y h ft& 7*' — * iH s t^o 

[0100] 

[0101] 
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m 6 K?jk~t 2 otfVs'-Jr y h (75 S F *L4 T'~ *? l~ ov>Tfi, 116 Kyjk L fct£3fcf£fT 

CO&CD t l^f§-C&4 0 S Ffi2 4 try h<DT~ ^ "Cft fig £ tl T £ "9 , D F«i 

»^ (Rate) ^tf-^Mifn^ DF^S^^tf-^^l 2f7 

[0102] 

D Fc7)^fl^^^-r-r-- tfy hflJV) ^T£>tlTv>4c7)~e, f^-fl 6 ffi H ct> ^ fl 

titm Z fix is b -T , i*Lt> Wco^iS^^^fe^tLTv^v^o ^^iciti^W^i: L 
TBPSK« QPSK, 1 6 QAM, 6 4 Q AM09 4 <9 aliEfa^flHHk^i: L 

Tl/2, 2/3, 3 /4 ^^tlT^T, C ft t> <^>3fi*#t>* K J: *) D F <£>{SjI V - 

[0103] 

#5*;*, fsailv-- b (£H#5£, ff-^-W, ■f'-^^JSfe) (oM-eifctt, 6Mb p 

s (BPSK, 1/2, 1), 9Mbps (BPSK, 3/4, 1), 12Mbps 
(QPSK, 1/2, 1) , 18Mbps (QPSK, 3/4, 1) , 24Mbps (1 
6 Q AM, 1/2, 1) , 36Mbps ( 1 6 Q AM, 3/4, 1) , 48Mbps (6 

4 Q AM, 2/3, 1) , 54Mbps (6 4 QAM, 3/4, 1) t 4 0 
[0104] 

la^jffit-fi&oT, 1101, iiii, oioi, 0111, iooi, 1011, oo 

0 1, 0 0 11 Sr^-JL-rtLSO*) ^Ttv^o 
[0105] 

^MBSR-efi, SF^Rat eliHt> SDM-OFDM€- Kfoait*lt4D 
F^lffl^fc LT, 12Mbps (BPSK, 1/2, 2) , 18Mbps (BP 
SK, 3/4, 2) , 24Mbps (QPSK, 1/2, 2) , 36Mbps (QPSK 
, 3/4, 2) , 48Mbps ( 1 6 QAM, 1/2, 2) , 72Mbps (16QAM 
, 3/4, 2) , 96Mbps (6 4 QAM, 2/3, 2) , 108Mbps (64QA 
M, 3/4, 2 ) <D 8ffi!S£-g-A,-CV*& £ t S-iffffctT&o ^> SDM-OFDM^-K 

[0106] 

£*l£> S DM- 0 F DM*- D F ^ PI ^ * ^ "T tT y ff-^t LTti, 

_hie coffin life oT, 1100, 1110, 0100, 0110, 1000, 1010, 0 

0 0 0 , 0 0 1 O^Sff*? ^T£>tLTV^ 0 ^ftfbti, Ji|a<^T- 71* - f-ccod F<D^ 

|W|±{i;±i£3 \£y V L T £ V) , T- 7 1 *- K^S DM-OFDM*- WCio 

TT^£ 1 tfy h £>*3&*Mfc4 «fc -9 t>*LTV»J 0 ^fcfe, if y h 7*- ^CDTfc 

[0107] 

* fc, _h1fiK£^TT- 7 1 *- F^VS DM- 0 F DM*- F-^ ft-? ft 8^5^ J: 

fcW^o Milf, 12Mbps (QPSK, 1/2, 1) H2Mbps (BPSK 
, 1/2, 2) fcf"?* 4 o J: o t-tt^M^K^Tte^V- h^SILt^ 

&v> 0 L^L&^£>, S F^-CS!|»9 ^-C£>ft7t4>£v> try Mfifc*^r^&^fflffl-r4^*^ji 

, JLc7)J: ^ %M^££C&*!)!9 STfi^Ji* 4><7)i: (±Wx.'5:^o 
[0108] 

5 F*£>D F<7)^P^^^-Ttf y hT^-^S-, ^fMil^sU^WJ: < ill "9 STSfcfc 
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[0109] 

Milf, ±1E13V*T, SDM-OFDM^-K^l 2Mbps (BPSK, 1/2, 
2) , 18Mbps (BPSK, 3/4 , 2) , 24Mbps (QPSK, 1/2, 2 
) , 36Mbps (QPSK, 3/4, 2) „ 48Mbps ( 1 6 QAM, 1/2, 2) 
&-£t LTii S F ^"CCO tf y Y ^<DM Y) =i T fr =b T\ ZKKttz-T, Xty-T-^MM 
|#^14 4Mbps (6 4 QAM, 2/3, 3), 162Mbps (6 4 QAM, 3 

/ 4 , 3 ) ^fc fcT v h 7*- * <OM *J ^ T £ff ? £ t § £ o 
[0110] 

***^t-JiT - 7 K-C*2> fc^JBf L> 0 T** SDM-OFDM^- K 

X*$>& tmWtT&o SDM-OFDMt-K^^li, 7*- ^yrUfetf* 2 M±-e&& 
T, ^ js n-g-f tt^fea^^iSffl^ 1 ; T ^7*^D^^D' ?:ML, SDM-OFD 

M-0FDM^e-^J;£^ii^itc7)^-^ fc Lt^ft^o 
[0111] 

07 ±ia^ct 9 CT- 7 1 KXO*S DM-0 FDMt- KcoM^^ «t 
(7)»^t7n-fi- K^Jo 13 7 K33V*T, Xx^T'S 7 0 1 S 7 0 9 £ X 

[0 112] 

-^^tfiU i^A^- y h*<S DM - O F DM^^ K"CSf 3 4©^, *4V*Mt 

T- 7 1 K-eii#?*tTV>£(7)^^flJg1-£ Uf^S7 11) o -totfj^gs^S, 

[0113] 

l^tAStFB fi> ~7 hd s S DM- 0 FDMt - K"C3I€ $ i> <DX%> & 

t^mLtzm^Kii, DFi:^f H^f-^^SDM-OFDMMl^^IitJ 
•r^7'S 7 1 2 7 1 3) o ^^fifcSto^Tfi, ±ffi LfcHS 1 ^ttBSBoEHt 

[0 114] 

£v>T, 7T'7^S701~S 7 0 5 CD— atco^aSrff^ ^H 3 tU 0 LfrLK&b, 
S F tSv^TD Fc7)^BS^^$r^1-e^ b - > i LTSDM-0 FDM^tt^' 
*l/CV» S F Cig^Cf - tlTV^S i t t t Wt, 7,7- y 

-fS 7 0 3 K^^TS Fi:i^ ! ^4 fc*U»fU Xf-^S 7 0 8 ^SKittr J: 

[0115] 

t-7 us^^-v y T^ffl*"^** twifLT, itsMfic immm* 

ftv ^iiU^C^ott^o 
[0116] 

ffi, **Mi©Mf-^feIv'^f A-Cli, T-7 iMtSDM-OFDMMt 
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[0117] 

m2 ^ni&M<DmmT-?fcM^xT^K£>^"i:, t-7 lM^tiicii, sd 

S DM- 0 FDM^-CfejKil#d«ff frtlT^Z t &<*?tej&** U T^>^ffl^**UBf1- 
^^StLTIi, £€«t£&J££M£1-*J^fcli=8:v>o ic7?j: $ K^MMifeSIUg^tc 

o 

[0118] 

^2 *tt^£^te|t^-^f5B>-^-r A-rii, T-7 l^i:J:4ff tSDM-OFD 
M^^K «fc Z>^-^rb 7 k\Km-t&m£t Lt, y > CO S F P*V>TD Fco^lS^it 

(T-7 1»SDM-0FDM») *^i"tT h 7*- * £##>Ti3 § , 

[0119] 

^Reserve) *fflv» & i £ LTV»4 e A#&tJ ^ {i , ? h^T- 7 1 # 

^(:<t| J fc©'e$,l)M:(J , Jf-7 , e^ M- 0 SrfK DST, SDM-0FDM»J: 

[0120] 

ZtlK£y), T - 7 1 M^lSfif^ SDM-OFDMM^'^^$f L/c 
J^^-e^oT^, SF^JRes e r v e*U-C*4tt*tfUt*Ltf, SDM— OFDM 

Jit # S ~C 

[0121] 

tiit, » 2 ilil (?) to^f - ^ fSS y ^ r i "C tt, SfA^7 f(7)SFl^v^TD 
FO^-^gS-^ttTf >7*-^ (Si 6 K 3a\f & L e n g t h) £##>TjIlt LTV^J 
o T-7 1 #a;e>3i£#S!SC ii, L/:SDM-0FDMM^7 h«S Ftf>fc 
L e n g t hS:flJC#i-*itJ±T§fct D F ClIH^Itt J i Ji'Tl ft 

l/*e>"C, S DM-0 FDMffl©7"'J TV?fr7iXFD F ^^fe/;f- ^SI5^<^5&#^5fT4 

[0122] 

L^t) s oT, Jiffico J: ^:SF«Reserve ^flffltJ £ t J: 19, T-7 1 3fr5£?) 
jiS^Mfi^ ^Hf/^y >**S DM-OFDMMO^^ h -e* J £ t JigUfcTg & 

*U-*t#fc1- T- 7 1 ^j£?)£l$#Sffi~CJ±. SDM-0FDM*jt^7h 
<?)S F tf> £> L rt: L e n g t h c^fit i:Jo'v>T/^ ^7 h ^$#^1" J 0#M £$Elf U 

[0123] 

— ISLtftK^ SDM-OFDMMliT-7 lJttKJfc^TT-?&TBk1)*T%7&~?$>Ztfrtb 
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[0124] 

— ±|£c7)^E#t^#m^ra^*^c7)^$Mt'^-r^^re <£ «9 feIvH(7)i:^o7t:l^ 
fctt, 3i#^^«ii#^m«ffic^tt)f^ (|17^r-;7"Sl701) £fH# s > 5:^ 

~ S 1 7 0 7 ) <h&&o L^L&7^t>, £<7>£ i tiT- 7 1 ^st (1IL, T>7*;VJ^ 
[0125] 

Lfc^oT, » 2 i»|(7)ilf - ^if y^ri^-Cli, T-7 1 77 5^ <fc & St^^ 
fit SDM-OFDM^HiS^^S^S^-rst^iSlT-Cfi, #CT-7 1 ttK 

[0126] 

#£EjfcBSi"lNi$ £>l^ S DM - 0 F DM*- KT^ftl>^^ 7 f Cov>Tli 
[0127] 

iCto^LT, S DM-OFDMMW? h tK T - 7 1 J3&<Ds*fr-y hKMLX 
f-^^SFC^T^ft^CltCJ:^ T- 7 1 #5£H =t^3iS€^fi{i, SDM- 

[0128] 

JWTK*#«J^^J^^1- 0 S D M - 0 F D MMTlff - ^I?iJ 2 , SU^T^x 
1 0 0/M b^-r-^ (^ft2 0 0 H * 1 6 QAM R= 3/4^M# / fti" 
(T- 7 1 ;fo£-e^Hf-f-&3§^te> 16 QAM R = 3/4T1ilO 
FDM^>*>tl h^T 8- - * i td'T^ &) o ifc, SDM-OF 

DM<£>{£flH&#i5Sfflyj TV^DS^D' ISM * 2 0 FDM-»^ 

[0129] 

tcot£, SFORateCli, DFC^IMt LT16QAM R = 3/4^0 f ^|# 
^i£?HJf££ LT 2 ^^£L, Lengthi:tt, DF<0f-?gf*4 1 0 0 ^4 h 
t > fSffii&JiSElB "7° 'J T y ~?Jl> DS^D' c7) -r - ^ 4 2 X 1 8 = 3 6/Mh (20 

FDMy>Wffi) t £3jO#L7 l cfil-C&& 1 3 6 /*-f ffl 1" 4 fcT y hr'-^SrKiS 
i"&o £ fc^ SFc^Reserve ('J ^f- M £ 1 KKSgi-fco 

[0130] 

5 DM- 0 FDM^stc7)^##^Sf±. z<o X *> Km<m$ fr^MiS *Lfc/*£- v 

t > 5» h f^co S F KJ3V>"C\ Reserve frlKft-o tv^ it, Length!: 
X V) t»- ^ga* l 3 6 h *itv^it, XtfR at eCi «9^S9^* s l 6 

QAM R = 3/ 4C^?tlTV^ii:^ttiino Sfc, SEW^l 

6 Q AM R= 3/4 "Cf^ fcitg&^tM :/ 1> r^^DlO'D' ©f-^S^2 0FD 
MV^^JH^M^JCffla-^-* 1 h "Cafe & t fllif DFWf-^g^'l 0 0 h 

-c& & t m-ta-r& c: t ^ 0 s f <d r a t e \- a 9Jtm&$ 1 2 -c* jrti^ 
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> S DM- 0 F DM<DT- ^ftfi, h - 9 JV"C 2 0 0 b "Cafe Z> t flJBf L, ^<7) =t ? 
[0131] 

— t-7 mj^vym^mwtttt&m^tr v hfr^Ltzm&Kit, 

<DS FK&^T, Reserved 1 C^ott^ it, Length \z&*) ^ft# s 
1 3 M-RfeSftTl/** £ St>'R at eCi <9 ^P^it^l 6 QAM R= 3 

/4 KKSgSftTH* £ t ^r^ffil-So jg^M^S^ Reserve *U "Cafe&^i^ 

[0132] 

±1 a L m 2 * «»1 31 tfSfc 3 * »H (5«f -?^i/XfAi:tv>t, SDM-0 
FDM^CJ: 19 2 *<DT >T-rR& 2 o©f- ^J^ffl^tf- ^ <£> £i £ M £ fr ? 3§ 
SIll^^Tlif - 2 oK45-#JU -ett^a^ii^^^^y >C0D F (a 
) RZFDF (b) i:^fcTSftSJ:^l£Lti^o 4fc, i *t 2 o<7? D F (i. H — 
of-^ ft "Cafe 19 , [W— oggfl^^t:: =fc n ^mZiiX& j M$ti& i £ 1 4oTv>4 0 

[0133] 

L^L^^tb, itifb 2 0037*- ^yiJKds^TSfc* 2 0(7)7" - * ^ii#-Ti> iHf 
^tttf'RfiJ-Cafe-g.o DF (a) Sl^DF (b) (7) ■f'- ^ ft Ji^-f L fc# L < it 

(a) TIO'DF (b) <DT~ ¥M%m-K LTlft^M^^o DF (a) 71 

ffDF (b) ^ ^ ^ ^ ti* itC ti UT If t & i t ^) T § ^ 
[0134] 

fcJ&fcffiSSLfc^y >«)ifeHJ: ^-^£i£^#i-£it £#@ii-&4><7)"Cafe£ 0 ^ 

[0135] 

m 8 it, *$in%>M<V$;$LT- Pfc&Z/X-r ii:fe^Tlff ? *L4 S DM- 0 FDM* 
fi*B, C> SF, D, D* C^^Tli, 0 6 >b co t |PtfI"Cafe& c7)-£\ iittti 

[0136] 

*^*HSS8K*Jt*^^ MSfi£-Ct±. S DM — 0 F DMMolKttiSy >#^D5. 
CfD' £DF (a) S^DF (b) fc ^ti^Pti, ^ff)V7^-JVFSF (a) 

SffSF (b) S:jfXLTVi4it*#ft4, SF (a) S^'SF (b) ti> Zti-Ffi 
, DF (a) RCTDF (b) <7>3SSI#a; (R a t e) p - ? ft (Length) 

tf-^^^WI, 0 £ 2**^5171^11 3 **Bii£|Wlttm SF^Re s e 

r v e Uli, i^/f-Jr y f^SDM-0 FDMJstC «t £ & O T & 3* $ 7>£^1-'IM 
§-^^v^ 0 Sfe^, SFCLengthCfi^i # 2 ^ffi3£JKXWt$& 3 ^JftBSB 
<^|WI#^7?•7 S '-^^^^•CV^(7)7&W^ LV> 0 
[0137] 

£*UcJ:*K Ztih<r>'*fr v h £§HfLfc S DM-0 FDMH©S5IStli> if, 
SFcORe served <fc * hi'SDM-0 FDM^©7- * 

£££Sfflfei-£fc, Sfei:, tCKSF (a) RTfSF (b) t:S^"^T, DF (a) 
R&DF (b) fti^-^IIiWyffiSrfr l t tA'flio i 9 LT, ^^2»r f - 

^ *^tr 2 oW7i^ 7 -e^L^^^^T 5 - ^^^!J^ «t DgfiU 5rM«"C(i^tL 



(20) 



DP 2004-297172 A 2004.10.21 



[0138] 

^Sfi^iiK&^T, SF (a) > SF (b) «7t-77 H:o^T(t M 1 6 
[0139] 

yVA- i- -fyV- nt/ -StS 



Bill 

[0140] 

L tf* L £ tf* S> , T- 7 l^K J:* ^S^^S^^^TIi, S DM — 



J5L |H 



[0 14 1 ] 

fit, *%m<vm5mffij&Mfcfrfr&mBr-?m.isi/XT&'?\i:, t-7 im<?)I 

^M^fi-Cfc S DM- 0 FDMMfT)^ y > ft&MACflJfPtf^f - t 

h M£ Bfcv> t , **«lo«|-r - * fSM^ ^ -r A 31 - ti Km v> S M^Hmofi 
[0 14 2] 

HI 9 (4, ^^IfeM^ftE^r 5 - ^fSl^^f A Ki3l/>T3BH&3 *LJ6 S DM- 0 FDM* 
»B, C, SF, D, D' > SF (a) > SF (b) Hoi^T{4, 0 6X^7^ 
[0143] 

El 9 Kj^l-rf^- y M:*V>T, ±ia<7)0 3 ~^4 i SF^Reserv 

e (V^f-y^yY) hj4 s SDM-OFDM^"e*SM-7 lMt 

I>l)«t77^t LTfflv^Tv^o It, S FcOL e n g t h (4> &Z*^-fT- ¥ 
*^-CV»4e DFf4> MACMfMf $R<D*Srf ? -^ t Lt^W£ 0 DF (a) 

df (b) (4, * tL^ii* MACMmmw.*^fzfemr~ ?*^A,X-^&o 

[0 14 4] 

^J: y &mi&<n'*fry > ££#Lfc S DM-0 FDM^sStfJjSlg^ittWU y b + 
<7)B> C. SF> DF^T-7 1 ^stTHi^S tttK, S F ^<7)R e s e r v e <75ffi 
CS^-C, D. D' > SF (a) > SF (b) , DF (a) > DF (b) £SDM-0 

[0145] 

ifc, _hffi/^y h£3HiLrt:T-7 1 ^"5tc7)^$4l^fi(4, ft^c^B, C. SF 

, DF*T-7 1 ^"St-eiMi-^o D F^{4f£ii-r- ^f4#£ tlTV^^t^ 5 , MAC MM 
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[0146] 

h x , jfi^icDM^- ? v * a v ^ ^ k m v> m#is^*cofi 

^fjlfp K -=> V> T {4, _LfSc7>#*|feB<i CD 4> C7) i: |ej;|f -e& & & <£> £ -f & 0 
[0147] 

IM1 0(4, ^lIM^ISf - ^ 3sl v ^. x A v^T^ISrM $ ti%> SDM— OFDM 

iHfr^- ?M&Mib s 2 X*$>& t § ^}£1§£ y hx$>& 0 £ *l <7V^ y > 4 s , C 

, SF, DF, D, D' , DF (a) , DF (b) Kov>TJ4, m 6 RWm 7 Kyp-? i> <D 
bMmx$>2><DX, ££-etira£#R&-!-& 0 
[0148] 

II 0 <D±&K^T^v- y h f4, I£*gdT - 7 1 M(-J: 4^ IW^i^Sfifc-e^) »9 

, T-7 1 ^S^S DM-0 FDM^(?)l/>f *L(?)^f ^Ii:fe^T'{)^fprS6T* 
So i(^)7^y >(7)'/ , J7>/Jl'Bfi, LTJ4JS*!^TB X& *J , JSSBTb^L 

[0149] 

<7)*£-e&i9, SP^, SIT b O^LW^-V^Hg-f-b * 2 0 HI *SI *? jg-T i t H«t ^£ 
fc££frLT^S 0 irt, ~F$tK7jk-f-sSy- y V coy" 1 ) T >7" )ls B CD M. £ It ±.$LK7F~i~ ii<D(D 

<D&Z % &l£V>4&KWLfe't & iH s t^ 0 
[0150] 

T-7 1 MS^S DM - 0 F DM^KiSSl^ t&V&^tr v h %&/ut*^-% 
£ffoTV*& 0 ii-C, 2 owf^-NI coffin 1 1*. ±ISiS^#-^S^ll#-^^tt-? f ^^ 
[0151] 

13 1 1 14, IS 1 0 K&-t&s*fr y Y<Dy°V T y -? fr^^-fr h _h1E<0 J: 9 fcfftfj $ frTtf}7J 
SftfcfflMte<affi;£!fc?g£^-*-|a-C**o Ol l<7>±St4, 0 1 0 <J0±gt^^1-^*y ? h 
^tiW-ffit LTtBA? tL4mB"C*4 0 £<7V^7 h<7?7°»; T^yjVB {4, JMTb<7)# 
0 O^^^LT^fife^ttTV^cD-e, -^iS^IS^-t Offline t4 (J US! H 
9 x T b <7)W> fflHUKj&^l: < ^l)o Ml 1 <OTl£t4, El 1 0 ^Tgt^t^^ * 

w 1 9 x t b <nm-x% < 

ft, mi 1 K^k-rmmmxit, ^y^xi^ico^TiiiiLTi^/:*, 

[0152] 

HI 1 1 fcig^r J: $ fc, T- 7 1 ^S.O'S DM- 0 F DM^Iff £f tli, 
[0153] 

f!lx_«\ m 5 tc^i-^^€^SB (4, T-7 l^^'SDM-OFDMM^^J: 
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(DmiM^Mz-ZMmT cor £S?tttU Tcor>15XT bT?*Si^:|iSDM-0 
F DM^c^^ff^fit LTKj#U Tcor^lSXT b Sli^K T - 7 1 ^ 



y h (Dm<MJj$:%mfe-$-&M^k U, Tcor^lSXTb £ fi x. * f <9 



J: -9 T - 7 ljy&Wfry f ^^iLSl^l^ ^ 1 14^*^0 ^$#^fiC t5 s 
IM 1 0 c7)T^^^1-S DM-0 FDMM®^ ^ > Lfc»#l~ }4, fc^r*- * £ 

LTV»4fci6, £ }4RTf£-e& «9 . HI 5 KtfT «£ ? fcaftSftr'- ^feji 

[0155] 

±f 2 L £ J: ? &~ , S DM- 0 F DMMl^^TfffltSlfT > T -T <D&3k\" «t *3 > ii 
11/^ y h cd^'J T V "?n>;*9 - >£^x_& itCJ: "9 , ifitfoSffl £ tLTV'ST - 7 1* 
^<7)^£^-r- ^ftgy^r A<£>±K, S DM - 0 FDM^O^fASSgt£ - i: # s 
pTfg t & £ o 

[0156] 

[»7^BH] 

h^^)S D M — 0 F D MfSftj^ffifeffl 7" 'J 7>/;H:J: 19 3tfe'*tr y WM^^m®] 



HI 2(4. **if!iOi^7 , ^^ft^^fAi:*3^Tffl</^SDM-0FDM*^ 
ate^Reserve >9 > B^r'-^gfc «t <9 MjeJj^fr^k Ltz *? -T&ff ESU4 



012i:^i>T, S DM- 0 F DMfSffE&Jijeffl^U 7V^DSD t D' (4, Ztl^tl, 
D 1 tD 2$.O r D 1 t-D 2 tv^ 7*-*£-£^T^fc 0 DlUD3LO , D' <7)^fe®l-*il 
LT^i tt^^-^-e* 19 , Z<DT-?K «t ^$#^ffl(4iUT^ S DM-0 F DM^© 



S DM- 0 FDMMoSfitli> Sl2i:gW'^^mt, T-71M 

flt^fllf5S<7)W'(tt*fix.&) WTKSg< 7^- * (4 S DM- O F DM^j^t 5 "- ^ 

-e*«> tfli L, D 1 StfD 2 (-D2) ^ti^Sft&teflH&fi^JSrffl^TDF (a 
) 3G4D F (b) ^Um-f^o 
[0160] 

mi 2 C/Tt^°t 7 MfSfca^lSH^J: 0 *5&#^*^>fllfi!£»- J: T-7 

ft? *ITV>4S F<07*~ ^ K&MfcJfllX-* - i^<> SDM-OF DMM©;^ ^* 




[0157] 



[0158] 



[0159] 
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[0161] 

*^nMM<V&MT- Pfc&z/X-T A-Cfi, T-7 l^j^co/^/r^ LTV^ 
±§^T&oT=b, S F t~M< D Fc7)*%0c7)O F DM^>^;Vc7)y^B^^D 1 t-tLT 

DM - 0 F DM^^ct)/^^- - 7 > -e^»s t^JBf LT Li 1 1 "9#& Q ^<^> J: ? ftffc 

ffi^-KfrEljKi-fcfcJ&fctt, flJx.tf, SFtSDM-OFD Mff ©feiMSffl 7° 'J T 
>yjVDX(iD' tOMH, Nu 1 1 (ftMt-^KSB) ^iAtiltfi^o 

[0162] 

[0163] 
[0164] 

ifc, ±IE#**fiS^"C(±, S D M - 0 F D t*t>*Tttfflt4t£* t 
LTAR I B-STD T - 7 1 Srffljg* LT ii £ *LC *l£ to »t"Cfi 

* < > 00 x. ii\ IEEE 8 0 2. 1 1 a * t*K & JM#Wf£T& * o 
[0165] 

to«\ SDM-OFDM^CiD, IliccoTV-r-j-^^ffl LT. |W|— iSSESfc^Jft'C^Sfe 
[0166] 

t©J:HSDM-0FDMj^*5GHzI-Pftfflt4C*fcoT, #3fc<7)A 
R I B-STD T-71^IEEE802. 1 1 af ©iilf A 

m<Dl$MT- ? XT , S DM- 0 F DM^^^5t$il^at«c7)^-^ 

[0 1 ] ^f^COH 1 ^*BS8K^4^-T- ytemZs* T^A tC*3V^Tffi^-g>^1=^M 

n — -^-v- hT&& 0 

[0 3] l ^ifi^E^tf^&MlT*- Hfe^TJB^&^i^g 

[0 4] 0 3 K^g^mMK&llr ZQMfrm&MfflfflT- ? <Dg^Mft<DMtl*7F-ry 
a-^-Y - hT&<g> 0 

[0 5] «§3c7>f§ 2 ||||i:^j)^ISf- *fcj^>;*^A<&«jft£fcl6iftK^-rK 
T&& 0 

[0 6] m5K&TfaWLT-9fc$kl'X'TJ*Ki3\,*TM&feZirL2>/*fry h <D ffi fife £ Dt 
lft^i-0T&& o 
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[0 8] ^m<vm4 ^M&M^frfr&fcMT- ^fe^^fA fc*3V>"C2HHf 3 *l* S 

DM - 0 FDMM»f-^(0^ y hflSfiK*1ftHSfl9^-Ma-C*4o 
[0 9] #M<7)ffS 5 ^^i^tf^&tt^T^ ^^SlV^-r A K£v>T^lt£ tLS S 

dm - 0 FDMM^f - ?<d^*t -7 MS^^ftR&&tJ^^i-0-e*&o 

[010] ^m(Dme^mMMK^^mB^-^i^M^^'T^Kis^x^m^fiz> 

S DM - 0 FDM^f-^?)^ y Mf Jj££DEIS&fitJ^-r[M'C&-£>o 
[0 11] 0 1 0 ^T#/^7 T^-Mg-^k^fUS tL-&^S#-^-c7)fflF4fit 

cmii^B^^1-0-e*^o 

[0 12] ^BJc^^7^i&^1^^7)^te|I^-^e^v7,xA^i3V^T^5r#?^S 

S DM- OFDM^^f-^^/^ ? MSB£^^B&etlt'^1-0-e^^o 
[0 13] ££*&#l~*itt£ S DM^fUffl L^teM®#v^xAco-ffi^J^^EIil&fi<jH^ 

[014] 013 i:^tSftfi?)7>TtTx A n t_A^.O f T x A n t _B^^^lt 

[0 15] 5 GH zm*mmL?zOFDMmUMm^^&^X&m-T&Mm^ / r y h <V 

[0 16] 0 1 5 K7f,~f&^/^r y h <r> Z/ ? )\< y 4 - )V K (SF) ft* 7*- * <3 

It i^75t@-e^i>o 

[017] ARIB-STD T- 7 1 tt^H <£ i»Mtil^^T, fttlHtltf£j£« 

L^ilT^^S^^tt^^-r^n-^-^- M7&s 0 
[ff-^-co^HJ!] 

1 0 1 &mr-?$i$uU 

102 Qfflfrm£MMMT~?tkmffi 

1 0 3 B#^JfPi@iie& 

104A, 104B 0 F DMH-^-^figfU 

1 0 5 A , 105B RFffl, 

1 0 6 A . 106B T>T*r 

3 0 1 A . 3 0 1 B T>T1- 

302A. 302B RFU 

3 0 3 A. 3 0 3 B 0 F DM#-tSf|B|il 

3 0 4 SMWiWif-^ilfBK 
3 0 5 $#ftjfp0^ 

3 0 6 SDMM^ 

307 ^mr- 9 m& 
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Gray mapping). The modulation symbol may be preconditioned and prior to transmission. 
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N R < M£c S fit ?B t'7 M— h tf- ^ £ feilT 
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i mm^comm ] 

1 S3lia#tS«- -S ^JBt § *tfc»tf>flHH b -y b b . ESS?- * y */Kc*f-f 4 fSSQ § ftfc SE 

b i £ £ . 

££. 

^ < t & 2 * y ^ttt u t * h ^ mm- h*.o\,zny?^ 

*r 'J y^£l3Srf £ <T £ fc#**;h.S;frifc. 

ftjj (multiple-input multiple-output, MI MO) i/XT&X'fo&^l&M 1 IEtfe<0*S. 
#£&&jS!f1ty.X-r,£,j£p\ I1^JS>SS^-5]*b!I^PI (orthogonal frequency division modulation 

, ofdm) iifi^T-iA sit-in im^um, 
imam 

o f d Mam y^fAi\ mm.<r>m&T yft £ a^«gfir>-T-^ £ Srfrf S ^SA^J 

^fiffi^j ( M I MO ) yx^Ai; LTttfWI»ft*il3iettco^r5£. 
JifrTS il*3H4iBtt<?5J5rffi. 

&m&lt)K mfccr)fcm+*y*)Vfrhl£fohiX&i-^y*)V^mmm (channel state 
information, CSI ) frbWfcZtl h lf*IB6lBtt^>^o 

CS I ItS^^fEjI-f-^y^^fl-f-Miimt (signal-to-noise ratio, SNR) fiffg 

[ n*nio ] 

Cff*3lll] 

iHl^cofEi^tg^J £ ^Tf-S teJMf- y * -fc $Ot y h iz £ £ tbX , 
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#-fe^yhtll #5&JD S N R ^feffl p"3 CO S N R & 5 mm -f-^> *)Vfi^ £ tl& ff 

*if l ilE»<7Xtr&. 

[ If ] 

[li*iRl5] 

[ If *II17 ] 

■y b£r. x— /"WSil^'J-r < t'-y h£0 2*«X h V—M.fykfflffirt&mHiJM 1 4fE»C0 
t If *Ifl8 ] 

i£x+ fc CDtt^kU- b £ n/ ( n + 1 ) J2Lh, n/ ( n + 2 ) ETRsS:* J: 5 

[HWEJB19] 
[ 11*3120] 

[ 11*1123 ] 

c if ] 

aSRWifiFiUfcSiifc t" -y h £ -f y 'J £ £ ^c#4ix&lf 1 IBttO^r 

So 

[MS3E25] 

>f y * - 1 'j - 7' s titz ^mt § f -y h tzjtt l x , * y ? -r -v u y ?' £ ft a at&s 2 4 

2oco«)Sc^^ffiJjg§tLTV^^-*Wt~J:^T« : ^&^t, WR^flBRty h 
, IS 1 c^fffRff ^ h <nmk<F>7—)V3o X W * U -f" -f t -y b s ^2 Off IjJu?^ £ CO^R 
«Ot— /Wsit^Ux-f t'-y h£ s SO^t-^y^— U— y^-4Hf*«2 4E«l«0*46. 

C If *TI27 ] 
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[ If *lf 28 ] 

«RW«r#ft:Siifc t' >y h * W y 9- U LT , 

n § f t *if 2 7 leni^ffi . 

[ 11*1129 ] 

C If *If 30 ] 

*H2 9lEtfe«^"ffio 
[If*lf31] 

[ 1**3132] 

ras-r & i t (c i o t , sioeaft > ^ivcomt izmmt h z t & s ^ tc-s- * *i s n 

1 11*1133 ] 
[ff*H34] 

l IBfs^&o 

[ If *JI35 ] 

^m-ti^k k. 

>f y ^ - U - b> J^Cfc: L^**-5 T . ffi^coffl # t* y b k » -f— /k*S J: IP t y 
■ifvhk&-{y?-V-7'~t&Zkk. 

ft*#LT, ^< tt2^feaI^-^y^t>!tL-CS^-g>« : ^[:^-N*afi!c^SJ;d 

fcy^^f-r y y?*$mt&zk k , 
^tfiiB-§-&#^i)flia^-7 7 7t§ £ 1 1 *«***ift^rffi. 

C If *JI36 ] 
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-ftSfUfctTy h&^>7j-v LX. ^m.<r>^>7^^^tiX\^m^ik^tifz\L -v b£ 

SiSctog^-f- * y t ; ansa** y */wi s mm-f-^y *mzm l t shr s *l 

fc«^tf>SaKra$fc: -tot, 1 SSPIE# CStJ *5f5Sfta>«f8 b* * h £frol^£ £ t 

^nmK 4 >9-^-y'^titz^yYi^y^^^^xo^m^ixxv^mim3 
f^yw y^-u-^^sfutta^v-y bv/fft'fi-jt, am^e^^y 

£ *tT V>S If 3<II 3 7 !2$gcD yXfAo 
Clf*il39] 

E#v«yey^aH t fc:iJai$a, ^i^fEil^^y^^iRlia^SrVMPfiL-C, 
A^Sft^ ( M I MO ) fSM^mrrs J: -5 t~ffil££tiTu&m-f-Tn-fc: .ytWS £> t 

[000 1 ] 

[**««] 

[0002] 

JS<iefi$tLTViS. .lil^cDyXT-Aii, tr^SiJ^fiT^-fcX (code division mult 
iple access, CDMA) , WJM7?-eX (time division multiple access, TDMA) „ 
B35MIi£S:ij-IIMII (orthogonal frequency division modulation, OFDM) , £fzl&{&<?) 

[0003] 

OFDMy^fAtli, ItlfNWMit^'y Fl±. ^iSt« "jS^"»f T'f-V y „ 

§f-^ <-$-$:;b^ ttfgb-yh) ^^^itif^x^it lx , 

r- ££j£-f & <, SJKO^iS^T^ (Wifcf, QPSK. QAM. Sri;) Tli, «r#>fl:3*Ufc 
[0004] 
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i/>yi5&l£~?)V^nX(7mW-) SrMSt. m^-MMmte XX/^F-mt (signal-to-noise- 
plus-interference ratio, SNR) LWot, fi^ttfgl^/W^fc V>T#if 

T'f+y^Msni. l^ifflia-^^M-r-sffigb'-/ mse 'iitvM/ 

fctf^Tg&ffcrf -eofeS. -9-7>-v>-^;Hcfcv^TSS^fL^f-y hi—hi,, wra 

[00 0 5] 
[0006] 

[ MM £ W8W £ iztbv&& ] 

[0007] 
[0 0 08] 

(M£t±\ S'MlBK-ri. J: 3 „ ^SA^J/^Sffi^lTy^-f (multiple input/m 
ultiple output antenna, MIMO) %ffi£?z, OFDM^X^MZtetf&^XCDfflmkV? 

i-f-y ^)V, t!t(iOFDMyXfi»l:fc ttS^T soMIiSSr-f 7"f- -r v ^^FaTf 7"f- 

w?ft/AV?fYy yyttZ'iz, mm^y*Mz$3\,^z . mtmMtt^xfc&tf. 

*&wi>?+*\}ym&mr&. ^^y^-r^vy^mmLx, ism^y* 

Mztt LXWk&W^itV— Y* s §-z.&c\t-tfX'%i>» #fiStfrf-ir y*)V<F>W^i\Ll>— h 
[0009] 

^WMiOmmmmXU. KlyXfA. M^H'lSSS&f^SlKP (orthogonal frequen 
cy division modulation, OFDM) i/ X"r A.ftCO%WLCr){xM J f->r y^tl'±.XfcM-t&?— ? 

mz, ^mttz&fcm^y^ivzbizmmL, i3EiiE#tc«r*¥!»fs*ut 

[0010] 

fllSfufct-y ^-sKflr**ttffl-r*i:*«, ffir#£b">y hfcML-T „ 

/Woit^UT^b'-y h£±Ji^rS (aHHtSfufctf^mi, HHRtfvK x-Zt-b'-y 
K fci^'Jf-ft? h^Sftl- ) . W-f-ft^^b'-y M4, «5£<?M y ? - >J - b" 

y<nm\,z. ■iy-r—v—'eyyz'fjixh <tv\ iXlz, fgw^^ftyymtL 
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[0011] 

S"B*BE*W-*J:5fc. ^SA^Sffi* (MI MO) i^x^M,X'\t. 

; $&k*r7^v y^)V(7y^m^^y'^v y^}V±.x\iMXt , ^^-v >-*;u 

[0012] 

3 „ 

[0013] 
[00 14] 

multiple-input multiple-output, MIMO) jiff S/X-f i*l(X)CD0T'&& . ilfti-'XT-.MOO 

12 . *HH«» tIEift ZtiX^Z «r*ft*sC * SSfr$" S J: 3 tISIf -f & i t & £ . yx 
T^AlOOJi. Tyy-r, mwm. teXXftiflSlnW*— i/r- 4 cry&&£t:M^X . 

fc*'*? 1/HD*I1 «ffl^TSKr^'rA<sV'C^HB*J: 9 i<iflIfflTS4i*i:*Wffc*i 

Wt. b'-y h/^/'Vl^y (bit per second per Hertz, bps/Hz) IZ&lf&fejM&jtfJ; >9 

si^t^stn. ttig^)iftF±«, «i.tr, m^vyr&m^ttmmti&tfTmt 

(signal-to-noise-plus-interference, SNR) tiZM'^Z'. b">y MS 9^ (bit-error-rate 
, BER) *3t{S7P— A t£9^ (frame-error-rate, FER) 3&*± OffiK&S-I tWoTi 

•fMf3£. V/l^-dfJrUTIgP. Kj^-flJ^S-ft (time division multiplexing, TDM) , ^ 

ifcfci^TasH-r*. *«iH<?)wa. mat* ti^Mmz^xn. ^^izmt<mm 

[0015] 

EIl^S^XT^-l. iat. fflfI^XxA100t{i:|gl^^XT-A110fcJ;U i 'IS2«v-XT- 
A150#^Jj££ixTVVT\ H 1 <7)^XxA110{±. H 2 <7)>-X-rA150 1 fflft^S . yXf 
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[0016] 

OFDM^f ATli, MffffltHR/^Wi* u miawr-i-ev*)V {-t%*> 

Att, MIMO^-HTSftfrt, MIMOt-rai (N T ) cOSflT J: 
t^Bt (N r ) ^SfiTy^^x-^fS&fcffiffl-f-So MIMOft>^;Hl N c S 
N T &J;VN C ^N R t LX „ N c ^adrf-vy^l^^MHS^li. *N C JpctffoSLl- 

^y*/W4, MiMOf^y^ "Srel^'^-vy^k" fcknytffu dfti4. &7ct 

S„ OFDMyXfAA 1 ', MIMOt- tlli, ^tT'fty^ 

[0017] 

-r*. act, ^toiiE^^Mis-^v •yrstu semb^wu essf-w^wdtfLT 

ifi'frhtih* -MS^h^y^vm&mm-li. MiMorD^7tm«?iil>. 

[0018] 

(Hff$a-g,*i^r(i) m?£tiZ>i&ten "£ffl" (cfleffUT, MI MOT 

D-fe>y+tt20(4. SflL^irafe-f-Sr^V^T^-y^XL. YffflffiU fe^"*. M 

-t-y-<f 120(4. l^n7Mci^WW^€li, ^ffflia-^? h ^<7)X h U — A £ 

dulator, MOD) 122C4 ^TSMSiXT. 3BH$*U B8t*^4T>"r^l24S^tT^§ 
[00 19] 

HI te^$*iTV*£|gii^SrCJi. Sft^X-f A150tl4. ^IfcoSflT y-r :M52#«|& 

$fiTuT. ^.mryf^i^m^ixtzim^mtLx, ^itLtzm^^mm^ (dmo 

dulator, DEM0D) \5AMHfct&. ^fllS^l 54{4 . V&ffiimz&^XWft^tl&WMIZ 

nm-t&mmm^o, ^mmm^At^ common . mimotu^^i56M£*£$ 

iV M I MOTn^-y^l20CCfcV^TfiiotL^MJI^fflffl^S^0^rT'®a$il-g>„ {ejM 
^-V>-^;kcogfilB^-(4. bff^-->y M58^ffij&£*U t*>y MtSC3--y M58J4 
, ia^v-yey^^ll8tJ:^TSIft?ii^MJS^fiM-r-g.^a^fi : 5:VK Sflfvh 

Sr^-tfi^ffi^-r-g.,, T r ^°y^^-v^ai59(4. (w*.tr. -tfn«> >-x^aho 

y ^;kr >f y ^ - U -^"I60t; J; -> x 7M y 9 - U — ~f £ ft. fl^l62tc ±ot fS-^-ft 
S*U a#^S*Lfct-y b££j*U fS^§ii^b"'y H4. ^'-^^y^l64M*^§ 

ftS. -f -v y*Wr-4 yf—V—t'y?'^ ff^y^^^^y9\ a ^um^-im . mm 

hh<7>x~foz><. 

[0020] 
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H2(i. M I MOS/X-rAfttONT ^coi^coMiSTy'ri-^^coOFDMi^mi^'y 

ztLT^T. mm^-^y^Mz, oFDu^^^ismth^zmm^ti, #ofd 

MCOlE-^-ii. £1 6#C9M&l^7f'^:x*/l^#A— 15„ W^fJ^a-ft (time divis 
ion multiplexing, TDM) «jtl=^§tLTfc 0 . TDMffijSTJi. f-^fii^^n 

[002 1 ] 

AMU-/ T-r-:?fc**JEU ^Mn-y h-r-*liJ£JllWfcfiaS3*i, Sift^?^ 

*lE-r-i./Si6<50flfi<50S»tffifflSnSo ^Mn<y h^SIE^-ii. MS(S, Wffi^V— hT 
fioSSiu .LOU- Mi, ^ilii. amuy^^tt&3Eft*iE*tc3iiW-4<Ofc:-HJ-* 

[0022] 
[0023] 

^f-^il/v^-; tf-?ll aDi7)MI«l:-9-7"^-vy^;W^^TfEa§n.g.„ 

izum^tt. ^y'^^y^)VA\t^ mm^u -y h 2^\^L9 i l za\^x^\^2i J zmm^tt 

[0024] 

■rSSOtffifflSft*. W5&9f— ^CO^f-^>-^i7ti4^c7)^XO>y b 
[00 2 5] 

[0026] 
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ffl^S^M^ (ffl£ff. M-PSK, M-QAM, ttdm<7yJjJ%) frt>£MZtl%>. 
[0027] 

/l/f y b^Iiy^f^ ( mult i -channel multi-point distribution system, MMDS) 
[0028] 

hi trc v «fc a i m osifi i^^-A-m , mmvy? comms® t sft so w 
, m^mm.?) "gmyj^-^j" "jar ^A-yf^itf "^m 

[0029] 

SIB^A-^-r-fJi, 'Jy^^i^iiSnt-Ct. *fcliiS!niL=5:<Ti>, j!flU>*?« 
cr>^m^^ A'-yf'di M;t&\ mniw? J ycowm (Mm, y/t'Jy/) , Si 

[0030] 

^r^-^r>-^;k±T\ 2b£W2£<75W&Ti3HTt>.fc^. Witf, r—fli* (1)1* 

wryfwt i ^ew?^ -y >*)V±x\ ( 2 ) ^ioryft* i 'i 1 ^ewf^f-v > 

(tfitt£. t7'f+y^l/ 1 ) ±T\ ( 3 ) £N T ^cOT^-f i~frt> 1 -tpffrrf^-t 

(4) l^ryft^til^/fty^ (Milf, t7'fty*;i/ 

1 j5«£tJf2 ) ±T\ ( 5 ) ^lS(7)Tyf t* 1 ^ HW/f -tV^Ht, ( 6 ) £N T 
[003 1 ] 
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h^-*r y^lV^t^-t £ N H XN T iOtf^JTftoT, x**f-v>^/W^iON T T- 
y = H x+ n , 

n\±, n r bJum^t^»tcDm^mh~t, i^comm&MTi±. f+y 

*/Wt M t ^ffttea ( con jugate-transponse ) bcomiZk-oX BfSLZtUZX-fr 5 — t- ff ?!l 
H* H = EAE* , 

SrtJ, flrf- "* " (2^f&IB«£*U Eiix;k5-b^[JT*0. Att, &7UN T xn t 
[0032] 

[0033] 
] 



i 

M 



^21 » ^22 » 



*1 



f 2 
M 



b p b 2 ,... *5 c tu ? b Nr tt, ^en^etu Mryrti, 2,... n t (~ 



X l = b l ■ e il + b 2 - e i2 + - + &/V 7 - ^I« r / 

x 2 = fc, • e 2l + & - e J2 + ... +fe Wj .-e 2A , r , ^j^fco 4 
-v* r = £>, - e NrX + b 2 ■ e Nr2 + ... + b Nj - e N N 



y = HEb + n_ 0 
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■5. i-^y^v-ms- ? * >v?mm<omm&. <7hfrzx$>*). v&>&T&&$ti& 



[0034] 



z = E*H*H£b + £*H*n = Ab + n 

£(«n*) = £(£*HWHE) = E*B*HE = A 

M I MO5QJli0HS6®ffi{i. 2000^-5^ 22H^aiii§#l7t*ll#ltttlBll09/532, 491-^- ( 
"HIGH EFFICIENCY, HIGH PERFORMANCE COMMUNICATIONS SYSTEM EMPLOYING MULT I -CARRIE 
R MODULATION" ) tZlSMZtlXtS *) . ?g09/532, 491^i&ftMcom i g.MzmM%tl. *BJ 

[00 3 5] 

zix^<n^y*)i>tfm^zmtLi,x\->&>%\£. iMcomummteieMztLX^&M i 

MOf-^>-^;H*FC0N c ^COMm\y-~?i- J r>^}l'CO&Xi&^ HW^E— H' (eignmode) fc t 
[0036] 

iirflSffl^T^SidtC. MIMO^h'tll, ^^y^;W*®1f?R (full chann 
el state information, full-CSI) *5 ±tfSWJ—C S I £0*1^— K e ^-CS 

- >y h a, S N R L . Sft Ltl S N R tlo'^t fir^-ftf* .lt% y gt?« 
[0037] 

zero-forcing) „ ^^l^fflBBtf^HKIS (channel correlation matrix inversion, CC 
MI) . te^r/MA^^M^M (minimum mean square error, MMSE) tfi££tl& * fflt 
tf. ^W3&<n^U-7*—i/yy (SE^-CS I ) OTIMO^t&^SNROiffitO 
Wtfi. P.W. Wolniansky. ffitCiSjtlK ( "V-BLAST: An Architecture for Realizing 
Very High Data Rates Over the Rich-Scattering Wireless Channel" , Proc. IEEE IS 
SSE-98, Pisa, Italy, Sept. 30, 1998) tClBK^ttTfc 0 . Htll±, ^JKHW^fc^T 

[0038] 



(13) 



#^2004-535694 (P2004-535694A) 



[0039] 

S^tttgl^A- (#JiJ±\ 1 %«7l/-i.X7-l/- b (frame error rate) , -ftchh 

%fer) Tm^tL^mm^y hmmin^ttx^h. ^-sNRcomm^^^x.. nc 

[0040] 

m fcii , #snr wish rtw, ^is^is i t>*» h w i -ocom^mm £ 

1 IB-^t:*t-rS 1 «$8t'V Mi. ( 1 ) l/2CT)^itV- r-fciVQPSK^tig. (2 
) l/3(r)A$mkV- YUXlfQ-V SK^UIL (3) l/A^m\L\y- hUktfl 6 

-qam, (4) w^L^-bt^iffl^^^ffioffl^^ffifflLT. mm-t&z 

t^T^-^^lX-U. IBtfe^ilTV^ SNRcOtEH^fcUT. 1, QPSK, 16-Q 
AM. j3j:^'64-QAM^'ffiM§^lTl^,> 8-PSK, 32-QAM, 12S-QA 

[004 1] 

[«1 ] 



1 



SNR 


/bS v 








1.5-4.4 


1 


QPSK 


2 


1/2 


4.4 - 6.4 


1.5 


QPSK 


2 


3/4 


6.4 - 8.35 


2 


16 - QAM 


4 


1/2 


8.35 - 10.4 


2 . 5 


16 - QAM 


4 


5/8 


10.4 - 12 . 3 


3 


16 - QAM 


4 


3/4 


12.3 - 14. 15 


3 . 5 


64 - QAM 


6 


7/12 


14.15- 15 . 55 


4 


64 - QAM 


6 


2/3 


15.55 - 17.35 


4 . 5 


64 - QAM 


6 


3/4 


>17 . 35 


5 


64 - QAM 


6 


5/6 



M I MOt- b'T'Kj-f^^OFDMv-X^AtCOV^-ClBtlSflTV^. L^t^'^. * 

( 1 ) M I M O MVCW}Vrt& OFDMyXf A, (2) OFD Ml^h"t"i6#^S ( 

P)RFMmmzM^\^XmfE-?& ) M I MOy^fA, ( 3 ) OFDMTttfW SM I M 
OyXfA, fcj:^' (4) ^WfflltjSffl^iX-S. . OFDMfl 3$.t£^ JtK®*?-^*;!^ 

[0042] 
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@3 a(4 % &nm&£tltzS&frft-%$slUxcr> 1 ^cO^tmMcOy"^ y 9 HIT'S) "9 , M 
xfj. Hi ^OW-f-fl^)III^'[B]II l 9lTiE (forward error correction, FEC ) MftCOl^XO 

[0043] 

JI$tS (cyclic redundancy check, CRC) <7)%f^k. %SL&$m\L, W U Xftf-fL 7' 

TftfcJ fcflr^H; § fi . c R c b ■•/ h li-r — ? ^ •/ h tcft§ ft & . ilflDtfO* s-^. > y h 
t'7l(l x-^^°^-y h^#§ix, 7*-v-y hSfutr— hfcJBSU 7 * 

[0044] 

H3afc^S*tTV^ftJ:a(C, ^— iKflF^»114xtCtt, 2 -5<?)««!fiF-^S312 a fc ± t/31 
2bt. fl^-f yf-V-J&Ub&m&ZtlXKi*. «Jj£W^§§312 a « , Sl««» 

f^t'vl, ySMtS. W-f-f y^-'J-^'314(i, fiffgb-y r-2r^ILT. W©Z> 

y^-'J-7§flftt:'7 h^gffitT. fiHHfcl/C, *2<05R5d 
^-/l^feit^y-r* b-y K z£±j£f-£. ^-§S312a*sJ:U5l2b*>^<J0fi|#6b*«y 

K r-;i/h'7K fei^Uf^ b-y Mi, ifcojasSgg (ft^/Wy^-'J-A' 

116) M£j&£ft-&o 
[0045] 

@i3b(i, 7 - Tnn^-mu y col*? cDmmmcomxJbK), z\tLiz?—#wsmmx<D 

[0046] 

H3b^$iiTV^»m«t-{i, ^-#flr9«114y«4MfW£flr^»322li, Wf&w-^ 

[0047] 
[»3] 
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G(D) = 



I 




n(_D) = l + D + D 3 



334, fciyx^f >yf336#**Jic3*VC^£. *&Jfc» Sffi* : ?332CO^ffi{i-ifnt^$ 
fLTV^T. X>f •y^336(iT-y7°ffiSTS)S. WiZ. if— 9)^-*; M*IO#'hff8b*>y MC 
JSVVf, jDJt#§334 a (i , If fgb">y ?- £: , SaS^334c*^COffi^J by h h £ ^zJjl—U- 
2tU%L. *fD*S*&3ffieiE : F332aA k flafrr4. JnSg§334b(£. Jpfftl334ah. 
^332ai>it/332c3t>>£>c9b*>y h f: n- 2fln3tU Aijf-ft'7hy« 

JaSltl334c(i;, gffi*^332bi5 it/332 c*^<50b'>y h £^ 2 JuH^f 

S <, 

[0048] 

7*_^y^. y hf^cO^gp-CNfflO'lfflib'-y bSifir^ffcLfcfttr, X-f •yf-336Jir^yfi 

m^»^§^. 3o^-n ( "o" ) ^vUimaivm»332aL^mt^tLh. mz. m 

J£^2ff322ate3^7)-bnb<y h£lr^L.LT, 3^f- ;Pc7)^B<Jb*-y t-fc it/ 3 
ocD-r-/ W n° >J -r < b* <y h Sr tt*&-r & . 
[0049] 

NMWlf^b'-y b«#/^-y Ni'tt, ffifi!c« : -^||322a(i;Nj|l|c7)'|ffgb-y hx. & 1 « 

T" 4 tT >y h t . «J&HF-f«322 b (i, IS2S0 3 OW-r— rt^jfittWb' -y h , NjlO 

tfctvt. ^§ffll4yT1±. ^S322a*>^>fi:N1B<?>fi!fBb*>y K 6«9T--/K^iR 
Wt"7 b , N+3»AiJf b'-y h£ffi*&U ^-^S322b*^{iN+ 3flMWN°U X ^ 

[00 50] 

^^y^-U-y>*314(i, ^<7)>f >-^-U-b'y^'^c7)^lo5r||tT-rSo lo 
CO!f#5g<7) -4* >- * - U - b> ^S^m » / ^ «y b F*l CO N »7)fWB b' -y h ft Z b lz . 2 
5 ??X 2 n ?IJC01E?IJ ( niift/hW^ST-fcD . Ng2 5 + "tt^) 'VK&t-fxS, 

, frtt, b">y \-K%,cr>mUzLtzifi->X , UMf&£ti&. Wilf- lfrB ( "0 0 00 1 
" ) til 6firi ( "1 0000" ) txyvTSft. 3flB ( "000 1 1" ) \i2Aft 
S ( "1 1 000" ) fc-XV-yTSftS. 5r4Trft4. MC*ffWt'./Ml 
ff^y^/P-xyi^/p^J (linear congruential sequence, LCS) [ZLfzif-oXWM ( 
■t^hib. BIBfi) £ix&„ kffl«LCS(l x k ( i + 1 ) = {x k ( i ) +c k }m 
od2" ( i =0, 1, . . . 2 n -1 , x k (0 ) = c k , iJMc k ii&ffZkfcM 

fcfcWC, ffl<7)ifB<7)t"7Mifitx ( i ) rttefiHtrS. W^-0-^-iJ-/^314 
l*l<JDb>y Mi s flirt fcK* Hi 

[00 5 1 ] 

±a«LCSff^f y^-y-b>^'^{i. -Hifc»Kt5*utl998^12^4HfcaUHS 
fL^B]^ffi$Ifil09/205,511^ ( "TURBO CODE INTERLEAVER USING LINEAR CONGRUENT I 
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AL SEQUENCES" ) , &Z.lf "C.S0002-A-1 Physical Layer Standard for cdma2000 Sprea 
d Spectrum Systems " ( J^TTf i , cdma2000 W^Wfe t Pf ^ ) IZ £ h tl¥ L < IB 

[00 52] 

5y^i (symmetrical -random, S-random) -f y$ — U — A£fig^| LT £> J; V\ 
[00 53] 

rn^m, «&»8r^ tJitf/ifcli^-^flF^Ml-^^^fll^ 

[0054] 

a-c^-ufcifcfe^-c, #~«»£jKatU ^~ffiie-^ii^pfE-^v-yT§m»<7) 

X\ A y?— 'J— b'y^fci 9 s #^fifE^£ffM^&1f^fc£:fi*:b*v h# (— 

) S^ti£< fcffi«USrV*£fc!&«RES;h.S. ffW^ftflnco^W h^xltW (additi 

ve white Gaussian noise, AWGN) ^yjfvKCfi, 9— ffi$S§$si>Ri\^btl& t # Ji, 
[00 5 5] 

ffywy^-^-A'tn l*«>fy^-ij-t'y/MM?tiS. io<7M 

Mi, ( 1 ) b-y NKteSiiJ. ( 2 ) ^corjy^iy^-r/M^iJ ±MT. 

y, a -tit (4) fflco^o^r-c^stt^Bm^^-yta^^T, s& (-r^-fe. b 

[0056] 

10<50H|fe^®-C{i. fty^iH y^-U-b>^'{i N ;^-y M*J<5D#by t-X h U-A 
r'fc fcfi^ftS . y h r t ffiSBb* -y h x , HI <?)ffi^^*^(0T— 

/^itfA-yf -f b'-y T-y „ it/l2^{»fS^t©f-A'fcJ:V^!Jf-f f'y T- 

[00 57] 
[00 58] 

Kfcffi«s*LTv^*j:afc:. oFDMaft^xT-A-cii, #^iima-^^v^TaM^n^tt 
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[00 59] 

y y^'^^T^isjU-f -v y^Mzmm-t& » gFi2^:w^;/.M o >-?^-v y v^st 
ftts Islt^w^-t-fcs^. ^<7)^y?i-^vy?'%fcmi-^y^Mzmm~t&,, "T 
^<?v n° y ? ^ y > ^(i , * y */ko s n r fctfcSt § . 

[0060] 

fJBfi" ■& o M I MOt- FEWC1MM"& OFDM «fATIl 1 OtfDH^rt— 

^ssstu z-mwrny-^j-^y^zbiz. lo^wsNRj&cRWfsn*. 

^y*/UDSNRt3 s fejU^ixS^Mn-y HKHt^V^T, £ fc(±M^«fffi«S«Sr 
[00 6 1 ] 

(c*M-*flBRtyh»*¥«IBrr«. ^l^J:^ -S^iEHo s N R £ N #4fiESfc9til 
fgbv b/3J9BB#i:BmMtft*Si*«effl-r*. L^L^'^ « 1 fro * 5 flf fR 

[0062] 

iBna-^^saff-rScittcioTa^s^So mniz^ XT--yT42o-m. ^-t^e^-v 

y*/H£fcvvc, #1^x0 >y M^rfEiS^^W^^fLfcb'y hco-^tf-ifc^^JBr-ri. 
. X -r v T416£fc v^T }MfK $ iifc «3S(KiS £ tt 4 8HHfc $ ft*: b -y b /3»ie<HR 

[0063] 

hJsiy'A'Jf b'-y ftA'y^f^U. XT-'y^Otcfcv^T^WSii^^bSii 
fch'y ><J>£#H8:£;£#>&. X-f 'y7°426f(4, rtyf^f-r £*lTVv£v4HHt:£ 

iXJtb' >y h Sr#tffllE^4 fc#>T , ^ix^> & , giSf-T y^VCD^Mtm^ -y 7*$- S 

[0064] 

^i^^/f^'j yy'limt&m-t&cvT, mi't^cr^im.mzm^xhh, #e 

[00 6 5] 
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Xf -y T432T1i. #feM-f-V l^/WcSt?" £ S N RSrWir-rS . 1 O^JtStJgffiTfi. 

■vv-^/Pi-Cli-r— ^(ijlfefL^rV'*) . xt--/T434t:i±. ^fsiM^-f y^MzX 

■eta, #fraM^-^y^rtt, ssrarssfcawu flHitryMR/saraB-^SHBrc* 

S X 0 IZ-tt „ H4b<aX-f.yT432. 434, fe«fct^436{4, H4 aO-X-f «y T412. 414. 

*3j:tJf416tcMJtE-rS„ 
[0066] 

Xx-yT438T1i. PI t S NRCO^HtJKt'SfEjlf^ 1 -fe^OO- Met 

. zofwiz, l^mmmzft-t&mmtv h&<nwm*%#>x i> ±^ seh i 

li, 1. OSrHLl. 5<7)'|f$Bb'-y b/^IBIB^. KH2{±. 1. OOlffg 
[0067] 

^•b^yhCtt, K, (K, mm^ffi&OfiiSt) ^OTesSf-^^^j&tHBRS^T 
XT7 T440T1i , ^MCtJV ^TfeiSf^ Sfflffgt* -y T» 0>&fHRi: . 

ftS*Lytbrvh«-&ti«fc*!HBf^-4. man. -b^otyMttt, K t ^es^-vy 

/I'tS-fct^Uf-'f b*-y h/^|l5IE^-Sr^S-r-g>„ #B#P H 1xn-y hT-tt, -ty^yh i 
tfc^TfSM§a-l.1flBb">y h<^ft»*. Ki - Ni tLTftJIU eMSft&x-/!' 
^I^Utm b"-y hO-smiS:. K i ■ P i t LTfMU W^tS^b-y h<7>£ft 

Kj (Ni +P ; ) kLXWr&t*. 

[0068] 
[»4] 



i 

XT-yT444T1i. M^fiWgb> b£ it^N i /R ( RI4. flr#»<Ott^fcl'— bt> 

^^>'bco#eilif-^>'*;W^S=S:P i i^ijf^ fc itf-r— ^b> b £3<#> 
& e Xt-vT448T1±. -Ir^yh i ft&fcM+vy&l'Zb N ^ ffl<7>|f$REV bfc 

J: VP i flco^y^fcit^^b^ b£. e^^y^o^iffllE^v^r^-S 0 

[0069] 
[0070] 

0. 5h'7 bcoxf 77f^fXlffiHLt, fflffRb> bfL^Mf&^i^-fL; 

STS^tiefS-CfcSkS. *^b^«I4Mt (quantization granularity) ( 
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iff. 1 o<7Mr20< y b l*JT\ 1 b* 7b5: mm^A-f6£>Wtffo h b § li. 3SWT**lK 

[007 1 ] 

OFDMyXfA (i:<fc. M I MO^KTff^fiOFDMy^fA) 5:531 LT . 

eif^^w;fc^tI^| ) SNRj»itl ) ^(;, i6i^WHrf« (Mil i 

/fft«»LT. ^*U^K£*§T Ay^ft'J y/^»Wt#ltl) 0 

[0072] 

Miff. l^VMCil 2 0f<7)l 6-QAMfiDSEiHE^3&s«lKS^TV^. 2. 7 
5Wfgb^/b/^Mie^Si^2r^-rS SNRSr ^rfi. I^-b^yhtii, 2 0{ffl 
CO^mS^lCiS^X , 5 5ffl<7>|f#hV b (55 = 20X2. 75) jfiftM$tl& . # 1 
6-QAM^Iiia-^(i. 4 0^^-fti§^b^y b^JfMS^X. 2 Offl^lffltS^- fcfi 
. 8 0 fflcOl^ffcSftfc b y b &<&WXfo& o 5 5 fltfDfflffRb v b £■ 1 / 3 b <7>1ft^ 

gkXftmtLX .12 2 fflco<r — /Ws J; W ^'Jf^ b *y b it/ 5 5 ffltfOfflflftb* 7bJ* 

m t: v b b m&tx . s o mcon^t § tut t* ^ b § *rc ^ 4 . 

[0073] 

HltBtftMWSi:,. ^ 0 y^^Bii7«i. f^y*;M y^-y-^116^6, >f y 
U— y$iX7tW#fcJ:^V\ 0 )j^f^ b> bSr^flU £W*Vt 4 b»y b£0^ 

Ti*3:ir*ffi*Bs f-/K fci^A 0 ijf^ b> b£— ^ij^^^tifc b>y b^»tt 
-&<> fl»8b>b (aS««b> Ybhmifih) 2rr— /M3 <r b> b fcfttA> 

[0074] 

^^mi7xcoi^^||Sfi^ffi^Eirfc^. /N 0 y^^B117x(i. Hi^A 5 y^f^g 

Bll7mffi^«J&T'fe£ 0 ^°y^^i£Sll7xi±. lo^ff»#§£ffifflLT. -fe^Oty 
b i tfci^TS^t J; oTM^tll) Q i li^wkfcit^y^ b ^y b#>6. Pi 
W^xwl^fc ±t^»J f - -f b^y b i 3 t^^^f^ y y^fcfpS: a . 

[00 7 5] 

; * y ? f- ^ SIBm x ft Ttt . #flr#»tf> 2 o^«fip#»#> 6tfWy^-y-r§ 

tLfcx— /^^"Jf-ft'y by : nt^'z! nt X>f >y^342c^ 2 O^A^f 
Mfef&^So X>f *y^342i2. b ^7Kx-* y b 348**6 C0»J»m^-tcflc#LT . yi nt^ 

fwi/fc ivv^jf ^ t7 bifcJiz 1 N T ^f^i^'if ^t"7hJ7^ y343 

X>f y^342t±0. 2o^f^fcJ:t/A 0 iJf^t'7 b<?!X HJ— A£3c 
mz^-^ZbiZX^X, 20 ^J^ff^Bfr 6 ^T" ± t^V \° y r- ^ b ^y b *^ L < S 

[0076] 

SSlfiOfHftS352«. ^^^-n-QJpff^^f^T. ^^Ort^Q- 1 Srffli.^f*T\ 5 
7 7T7^yFtl» 0 m2coftf*^354ii. Q^f- ^fci^^U x ^ b>y b Sr ( 
) fHR-TSo #-fe^yMcfeV^T, ltS4tl352fcJ:t^354{iSWS^n^|g5E$ix. x-f 
v^342(i. TvTfiaTfcO. X-f v^344^ffltT. V/^TU^^^JBWtfflfll^S 
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&i!Z<n>7u-v7*r4 7)VX*\±, fHR»352M:, P *>f U ^ V h It 
i£fs354i±. l*-<(>7V*>hZtL%><, mm352cr>imi. ^Jgi- >y h356M£s&$;fl 

So fHaH352*^> ; A-n-Q£7)«ffS:MS (-fft£>^ 9HR»352<Z>rt«E**9 7779 
^yF-TS) 7 y343±<7)T"— frttli&VJ-TJ b*-y MilX-'f y 7-344 Sr-frL TV 

fcbT«y b k LX^-Th . t— A'ifcli^f U-r b"-y hj5*V/t^TW^346;&>£>Wi&5 

j b>y hXhU— Ai4^-1'y343^.#t^Sixl» 1> Jt«t-3---y h358£ J:oT*£=fll>.r t £ 

[0077] 

fig^-^T'i: -?T (~rftib*>. HS^cOy i N T iiitf z j N T Wf-^i^fJf 
-f b>y b^'jgfK§tl-g>) , A7?f^ 3ilT^ft^b*>y h£\ #-fe^ybrtC»f 7 

[0078] 

»o*Hos*ctt, ess** «>fi«rs s . 

[0079] 

?"W^yt:°y;?" 

lo^SaBKttrii, ffiffl^*fcftfca^S^#SSB5r=* QPSK. 16- 

QAM. 64-QAM. ft if) fctiWC, V >y ty^fcttffl LT , SEftftafcOfl^ 

mmzawh b -y t- op o s . 

[0080] 

1 b-QAM(nm^W3\X\ 1t£«7V "? 7 t>/M^^'4 1/? A t l» 
. 1 6-QAMC0fi^-lE?[ltC(i, 1 6Mca*>*«Jft§;frOvc, f#5£<?>4 b'<y t- 

IttBBffiftJttiiTv^*. ^"W-e.yh-y^c&^T. 4b'>ybffiii s ^gMrt^fc 
3 fiMcoftii . 2 b >y h fiMK*Sft £ ) . 

[0081] 

4-5C0W^[f$tL^b">y h (b t b 2 b 3 b 4 ) <n%r?)W-?\^ A-OCO&mt^tltz'd 

-y hcombmtmbM{%ttft^ftx\^&m^mp\ft<^j£&mz^'yy°%ft&« mtii. 

40C?)fl^ft;S<X3tb*>y ( "0 111" ) CDffiii. {1^1^1^*512^-? -y TSfL 
S„ ico^i. 4-0(7)W^-fb§tL3tb*>y h CO^iraiB-^^^-f- . 16-QAMtlt 
iBE#tt. fi^fil?"] 1*101 6fflOj50*0#^01^0j&£*ibU Wj&0jSU44o£)fiF 
^3*ufctfvh^CJ:oTflW3:h.4. «-^HiB^-J4. (c + j d ) tLxm 

ig§fU ^O^M*^ (-Tft;bt>. 01 P"3<7)M I MO7n-b-y+M20) ^.ffii^-SfLSo 
[0082] 

Sflli-7 NT'«, SglWIB-ta. Sl^tft^m^tL. HKtfi-f-ffiJiJWOIESIftfiS 

f?77Wr^. ±M<vmizt5\,^x, mmztiwittfcztitiv y y- < "our > o 

WISUBftt, »ft^--y ht=t5^"CjS512A.v-y7Lftv^fc36*fc5. HW^iO 

m&®Mvm< (mui. "oioi". "ooii". "o no" , ttiiz "i 1 1 
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[0083] 

(Miff. 8-PSK, 64 QAM. Jjjrf: ) cofi-^iE9(l t . I^BIt. fc&^liffi^V 
^7 7 t°y/MtV T$ tl£ o 3 2 -QAMfcJ;^ 1 2 8 - Q AMO ± 3 SrSUKfoS 

[0084] 

M I MOMS 

@6l±„ M I M07nt «/^120x^l o^JBgffi^'TT'n^^ia'CftO. MI MO 

7°n-fe^m20xa. mi<7)M i M07n^7f™i^ijstj)i) 4 ^mia-^ii. ^ 
o*-p-c«ifM-4t*(i:. &mm&ry^>*)v±x\ ^mmry^t^^mn 

[0085] 

MIMO7 o O^7tl20x^fii, -rV^TV-^lf (demultiplexer, DEMUX ) 610f±. ^ 

<7)M I M07 0 n^yW2M*3&£ft&o 
[0086] 

*f7'f^y^M I MOTn-k^612i±s 3ff L^^y^^^^^lB^X h U-A 

612(4. IMcOlft ( 1 ) tUci^TN T {1 ( ^i3fe^2r*lirilSKLT. 
*3;ftfcSSI£#£^U f^TBStio MIMO^-KTIi. #^MlT>x 

[0087] 

;l^C0M IMOTn-fe«yif612(i, N T jg| ( t TO ) *tuifflS$ti^lSIB-^^ . Tyft 

) MWfrTi • 

[0 0 88] 

MIMOTn-fe^Hfl20xJ4. ^iWIB-^-SSft LT, »IL, N T ia^lffllB^^ 

V 1 £r^LV T 2r. 1 MflT y-r^tl^liia^^ ftl&tS. #7yft^) 

«xo7 hfcfcv^TLfflo*H^s$^3tsisiB^*JDaftL. iMRLtfosame-f^^ 
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[0089] 

^^y^}UDM I MOTn4r-yif612{i, M I MOt- FfcriSWC , 

IsfMB (full channel state information, full-CSI) ££J4gfrfr- C S I (JOMa^Ufi 1 

aw) co-H*ti:mmttm i ^%fL&. wttcs icit mar, awwsr^^-r^^ 

<7>SNR#-£iit4. csicoMti Wi.tr. ffiB»r§Krcs iflHRfc J: tSKfrS 
M«t7'f-fy*/K i^firyf-^, 5riffc*^v^T5lffS#i4. c s I jg 
tKWtc. ftWt. 4 *-7)Vi5£.if"T j x^-y'iv^ixh* mux. c s I ft 

-y/f-Sttl.. £C S I &J:Vgi5#C S I commZ, ±MO*B#lTEilSim09/532,491-f- 
[0090] 

12614. ^IHI122c7)l-S><7)||Sft^ffi^^tT^^. MIM070-t>ytl20xi>^>^I 
IB-f^^ h/t-Vj 3ruLV T (4. ^M&122 a ^^Lmt^tt^ffif&SiiS. H6t 
jS3*l.TV*43at?BIB"CI4, #^MIsl22tC{i . I FFT620. 107^7^ -y?.Xfg£fg 
622 . & i If T v y =? y ) s:— ? 624#lf j£ § tix ^ h . 
[0091] 

I FFT620(i, ifis®^ — U-X^^ (inverse fast Fourier transform, IFFT) Srfgffl 
I FFT620(4. ffit^SC («JtfcT. 8*. 1 6*. 3 2*. 4 if) C0JS1»¥* 

gg622{4. OFDMie#<?5NfSfB«*S<0— SB^SrRaUT. 1#5£<7)T Vft <Z>fi5!&Hrf- 
[0092] 

3) §*U RF^Iffi-f-ii, #7>-r-*-124]&»6fi33iSfl4. 
[0093] 

OFDM3QM(;rcHiT(4s 3ttt ( "Multicarrier Modulation for Data Transmission : A 
n Idea Whose Time Has Come" , by John A. C. Bingham, IEEE Communications Magazine 
, May 1990) tEKSixTfc "5 . #HJftB«T{±«IiX LTffiD±(f „ 
[0094] 

M I MOt- Flil^-CKj^-f-^OFDM^XfATii;. M I M07'n-fe -y"9~120(4. W) 

btbbtl&<, ikiz, Zco^? WM4^llliSl22'MK&$*lS. ( M I M 
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[00 9 5] 

-fuvtmX'foh. M&AJ]?-? (MxJf^X-rAllOyti-DTSM^ixS^'fffgt' 
vM * i ffjS$tLTV^f i -^{i:7 ; ''7;k^-r^^-»f710^ft$&$fL^. r^W-TW^ 
10(4. A^Tr— *Sr£jft (K) ^y^H-'-^^HJ-AB, ^^LB^fW 
TW^-X-TS, #^>-^;]^-^XHJ-A(4. CTxJf. y^tyy/ftV^K 

[0096] 

frZffityiT. #^iffllB^±-C. SIS. ti«£tXaJS»<Offic0a-->y b±T\ 

[0097] 

V-71->r>*}V*4tLXG3k%1Xh. M I M07Dt >y-fl20y(4. 3R : F712j&»4>£3BB# 

xhij-A^snts. h y-A^ffiffl$^^-KtfS#LT. mi mo 

TU-fe v- 1 fl20y«i^|lIie-f-X b U y^/HB-^X h 'J — A^x*?^ 

f7i/7?xf^„ Ml te7n%iix\^WfcWfig-Cii.. mm^rx h ' ; -a s t (i. jwiit 

[0 0 98] 

fc«t*- CS I *fcJi£-c S l<?5JfeS*fc*. x-^fEj^cffifflSti^feM^^y^^ 
CQgfcfr-C S I 4fcI±£-C S I (4, -tCSflli-"/ h^^TWBfSix, jMflS^- 

ofdm. 4/£i4flfiooilffiEn« (Witf, CDMA^it) fc4oTSS$ix-g>^»coM?0 

[0099] 

118(4. v-XT-A150^fS-f-ftgP-^(C3V^-C<7) l^IMM«7'n7 ?mxfoh<, Zcr> 
[0100] 
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ia8t*$tLTV»S«tafc:. a®L,fcSCPBB#(4» b>y hMifcfcStb (log- like li hood r 
atio, LLR) |f^x-.y M58x^.^§ft. b">y h LLRffff^-- •/ M58x(i, #^13 
iE-^SrWfRtT^Sb'v t-cOLLR^ftJr-f £. j'-tlW (h'yM;««) L 
LR*M»1-40T. t'v hLLRffft^.y M58xli„ 4fSfSU/£flr^tSafc b-y 

[0101] 

BEfciEKUJti-pt, MfflBfi0^#-ft;§ii3tb*«y h (b t , b 2 , . . . , b M ) Sr^i:* 

com^mm^mm-t^) . sobers , mmLx. mmLx. sfttx, zt>tzwmi,x 

cOLLR(±. &<D3<; (2) fDidtcttttTS*. 
[0102] 
[R5] 



LLR(b m ) =log 



= log(p(«(S) I b m = 0))- log(p(/?(S) b m = l)) 



£(2) 



= log 



£p(*(S) I r(5)) 



-log £p(r(S) | 



SriJ P ( R ( s ) I b m =0)ti, Sfli&f-R ( s ) tc*-3'< b -y h b m a*H*nTA £ V 

fc) fl^f'7M; Ti* (erasure) " SflfAT*. JEBttt, HRt, bbJ( "0" 
£*L, £*Ui, 0T&6j&\ t^iilT-*>£*^»*^Lvv^y^f-v$tL^b-y h 

[0103] 

5t (2) SISie^WSliL^W^$^b^ybOLLR^»#it^ix£ffir6] 
[0104] 

flMHfcSftfct^ hOLLRfif-vy^/k^y^-U-^'ieO^^Sn. JHfttttfe 

v vcfr *xfi£: f- * v 9 - U - b>^ mmfc*? K> JTrr >f >?-V-7$tL& 

ixfcLLRJi:. ^-*'a-f-H162x^ffi^Sn.£. 
[0105] 

*Kll«$ll62xfc:|;i, fln£D&810aiSj:tf810tK a^|g812a is <fct/812b , #-^>f 

JgJMST'ti, #fl^812ii, V7 h-A^J/V^N-aj^J (soft- input/soft-output, S 
ISO) CDSAW* (maximum a posterior, MAP) fl-f-fit LTfif J&§:fX-S> „ 
[0106] 

Jni£ti810a(i: s gfiLstffl^gb'v r-CDL LR S f^LLR (x' ) , iSit/r'-f 
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[0107] 

fl-f-H812a(i, Jn*l§810a^A>cO^iE§tl.^LLRi:. Sfl 1 (^m^M^t^cn^it L 
fZ'T—lViiXlf^^^f 4 b*>y hOLLR, f^LLR (y' ) fcSr^ftU SflL^ 

^812a^c^hgffl$gii:. aDff^SlObti-oTgfitflgb-'v hLLRhSUffStl. ^ 
lESix^LLR^-f-Y >^-'Jws:814^iaii§^-|, 0 W-f-O^-y ws,'814(i, ^~ 

V^-y-^'314i:|5ltW-t^ y?-y-b>/) SrfT&S. 
[0 108] 

fl-f-£s812bfi. A V9~ 'J— ^S'814^^^-1' y— 7"§^17t LLRi; . 31 2 WfiJ&ff 

^•^^c^gflLitx-^JDitAV^yT-^ t"-/ 1WLLR, f^LLR (z' ) £ £ 

sft u srfiLfcLLR t lt . &m t £ «*t* t £ h izmELWv 

, v-M y^-y-vs'8i6(i. f^v^-'J-t'y/M^ffo. f-f^-'J-ty^ 

ft o 

[0109] 
[01 10] 

V 7 htfcftCDb'^b'T/W^yX^ (soft output Viterbi algorithm, S0VA) £Hfff~ft 
1I^S<DJ:5*, SI SO MAPfc^HtfXia*:. ffi<3*>fr«0tt#»fcffiffl'C*S. 

[0111] 

^— ^a^W^^tti, Steven S. Pietrobonfci ftlfcK ( "Implementation and Pert 
ormance of a Turbo/Map Decoder" , International Journal of Satellite Communicati 
oris, Vol. 16, 1998, pp.23-46) iZi. 9 f ¥ L < f £K § flT 9 . &msm?li* >l2fx£# 
t LTK 0 iff T V \& . 
[01 12] 

#^f-A*:x*/l^j$j££ftfcSNRJ;L #a«tt^K;l- (#!l;Lte\ 1 %£0F E R ) 
in vt , 1 SSiB-^tcStt ft ^SSfc^-tf fftb' -y 1- ( . W^O'hlfRb" 7 hV-M 

ssa*-*. z.<wme«r m^-ma, ^i^p&ftM^tcioTSJisftft. w*. 

tf„ 1. 5fflH3b'-y b/^iraia^b'y Mi, QPSK, 8-PSK, 16-QA 

T iSt^ft § ftfc b" >y h Srgil-r Sit * S T" & ft . 
[0 1 13] 

•yr-Sr. lSaBB^tcStfiflMRtTy hRtflBftTi. ±3*^)«(ctJ^T, QPSK. 8 
-PSK, &i.lfl 6-QAMfji, l^iratB^-t^LT 2, 3 s 33 XtfA\Wmm\L^ 
jl^t'7 h^mmfiit^Itm^. 1 . 5'Hf3gb'>y b/^PIE^^W^b'.y h 
bf{±. QPSK, 8-PSK, fcJ:yi6-QAMm^T, 3/4. 1/2. j3 

. Ufctf-jT, flr^fl: h t COM3: ft ffl^l=rin±f A . # S^ffi $g b" -y M/- 
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[01 14] 

t, "«5r" ~«fflP9 (-T=5r^*>, M3r«Hfcl'-M £f<gffl^-|>, -a^yU^-y 

. l/frUSs* 1 ^ ^W^yT<7)ft&^^:Er#m, #SfIb>y hfc«tTTf4*< , 
**BSSR9fc*fLt:. «B3rLLR<7)RS *J^)LLR<7)RK£ 

[0 1 15] 

SaSKtiW^ n/(n+l)£l±, n/ (n + 2) jaW (n(i, lSEME#t=*rr*W 
#gb>y MR) WJ9r#flIP-hWBr#t«Jli-4. iWHr#fl!P-Mi, t^W^^-v 
Uy/MM^t. EIJeW^ («iar, -B£« 1/3WF ^-4^-^ ) £ffiJ3L 

Utm b"-y LT , ^y^^fiTV^vvr— it^'J^M b*-y 

[01 16] 

S-T-S <! i: ^WfB-^ffe S . fflJtfcf, yXfAfl 1024. 2048, fcit/4 09 6 
[0 1 17] 

OFDM^XxATIi, ^aW^^l— Aii. ( 1 ) SlfccOOFDMie-^, ( 2 ) &M"f- 

*>*)U±<?m%&<v2gEBft. ttzte (3) fl^J*ffi£JDW4J:3fcHJE<*;h.4. J8EK: 
RtiB^rLfc^-C^ffrtS. *£>*Sa, #fEj*f-^>-^H;JoV>T#^r^n-y b± 

[01 18] 

fifc b' -y h 14 £ fc *6 6 ftT , SHHR'fv? y T§;fx.g, . 1 o^f£#=5r1ffljrm . g 

l^-jUti:. OFDMfS-f-t*^^ 1 ?, OFDMfa^-OWSrfil-eUS. $^tjDi. 

[0 1 19] 

U-^td±. ( l ) \^&^y^)V^ay^ammi^. ( 2 ) OFDM!2-^\ ttzlt ( 

B^SP t ^ T ; ^ > ^ ^ § *Lfc ~ fiiO 9 — # flrf- ± W V v b° y ^ ( b i nary 
Turbo code and Gray mapping, BTC-GM) 5rffifflt~S <I ^ft^Bfs^ft^^S o J: 
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>QMMX'fo&t)K <fc VW&Z:?— ^M/y^fftra (Turbo trellis coded modulati 
on, TTCM) Di, BTC-GMMI1 Hfrf S^i: VWi^TfohfiK TTCM 

%&n^t\/-h&mi : T~t&zkit s m^T$>&cDT, btc-gmmtii m&comm 

[0 120] 
[0121] 

[mi ] *m i a<r>m«&nm&&v : mM&n£mri-hc\ttfX'%&g>nAJi%Mftx ( 

M I MO ) Sfi^XxASOia. 

[02 ] M I MOWAtfeli^N T *^«l*«MffT>-T-^^WOFDMeMS: 

[03 a] £SIBBSftfc*2^43rf*tf>0. 
[0122] 

[H3 b ] M5!BSSSftfcJBkW*#»tf>ei. 

[03 c ] W^t:§^b'>y hfl^i*«ny^f^ 'J yf&fr o ?z*bt/Zi&fB%fL& . ;n°>- 
[04 a] x-^^fc^StfaP^SftfctTv h^^-rS/t^^W-f-fti/^^^f-v 

[0123] 

[I4b] x-^feiHtc^^^tSix^bv h %£sm-&tzlfhcr>ft^ik/J*y7+-r 

[05] 1 6-QAM^I^EMfeit/'#jE»^V^^-yb-y^^cr)|l. 
[0124] 

[06 ] MI MOTu^ y^colr><7)m®&m.e)7u >y ?m<, 

[07 ] ^Sfe5litWtTM^^Ma*fTd^t^''&S^x^coi^ollMffM« 

[0125] 

100. 110. 150 yXfA, 
1 24. 1 5 2 ry^-K 

3 2 2 

332 mmm^F . 

3 34 JnJfgg. 

336.342.344 X-i -y^. 
343 7^fX 
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CODING SCHEME FOR A WIRELESS COMMUNICATION 

SYSTEM 



BACKGROUND 

5 

I. Field 

The present invention relates to data communication. More particularly, 
the present invention relates to a novel, flexible, and efficient coding scheme for 
10 encoding data for transmission on multiple traiismission channels with 
different transmission capabilities. 



II. Description of the Related Art 

1.5 Wireless communication systems? aTe widely deployed to provide 

various types of communication such as voice, data, and so on. These systems 
may he based on code division multiple access (CDMA), rime division multiple 
access (TDMA), orthogonal frequency division modulation (0£DM), or some 
other modulation techniques. OFDM systems may provide high performance 

20 for some channel environments. 

In an OFDM system, the operating frequency band is effectively 
partitioned into a number of ■frequency subchannels'; or frequency bins. Each 
subchannel is associated with a respective subcarrier upon which data is 
modulated, and may be viewed as an independent 'transmission channel". 

25 Typically, the data to be transmitted (i.e., the information bits) is encoded with 
a particular coding scheme to generate coded bits. For a luglvorder 
modulation scheme (e.g., QPSK, QAM, and so on), the coded bits are grouped 
into non-binary symbols that are then used to modulate the siibcarders- 

The frequency subchannels of an OFDM system may experience 

30 di&rent link conditions (e.g., different fading and multipath effects) and may 
achieve different signal-to-no.ise-plus-mterferencd ratio (SNR). Consequently, 
the number of m formation bits per modulation symbol (Le., the information bit 
rate) that may be transmitted on each subchannel for a particular level of 
performance, may be different from subchannel to subchannel Moreover, the 

35 link conditions typically vary with time. As a result, the supported bit rates for 
the subchannels also vary with time. 

The different transmission capabilities of the frequency subchannels plus 
the time-variant nature of the capabilities make it challenging to provide an 
effective coding scheme capable of encoding the supported number of 
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information bits /modulation symbol to provide the required coded bits for the 
subchannels. 

Accordingly, a high performance, efficient, and flexible coding scheme 
that may be used to encode data for trans mission on multiple subchannels with 
5 different transmission capabilities is highly desirable. 

SUMMARY 

Various aspects of the present invention provides efficient and effective 

10 coding techniques for a communication system capable of transmitting data on 
a number of 'transmission channels" at different information bit rates based on 
the channels' achieved SNR , A number of coding/ puncturing schemes may be 
used to generate the required coded bits {i.e., the information, tail, and parity 
bits, if a Turbo code is used). In a first coding /puncturing scheme, a particular 

15 base code and common puncturing is used for all transmission channels (eg,, 
all frequency subchannels in an OFDM system, or spatial; subchannels of all 
frequency subchannels in an OFDM system with multiple input /multiple 
output antennas (MJMO), as described below). In a second coding /puncturing 
scheme, the same base code but variable puncturing is used for the 

20 U-ansmission channels. The variable puncturing can be used to provide 
different coding rates- for the transmission channels. The coding rate for each 
transmission channel is dependent on the information bit rate and the 
modulation scheme selected for the channel. 

An embodiment of the invention provides a method, for preparing data 

25 for transmission on a number of transmission channels in a communication 
system, e.g., an orthogonal frequency division modulation (OFOM} system, 
Eadh transmission channel is operable to transmit a respective sequence of 
modulation symbols. In accordance with the method, the number of 
information bits per modulation symbol supported by each transmission 

30 channel is determined (e.g., based on the channel's SNR). A modulation 
scheme is then identified for each transmission channel such that the 
determined number of information bits per modulation symbol is supported. 
Based on the supported number of information bits per modulation symbol and 
the identified modulation scheme, the coding rate for each transmission 

35 channel is determined. At least two transmission charunels are associated with 
different coding rates because of different transmission capabilities. 

Thereafter, a number of information bits is encoded in accordance with a 
particular encoding scheme to provide a number of coded bits. If a Turbo code 
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is used, a number of tail and parity bits are generated for the information bits 
(the coded bite include the information bits, tail bits, and parity bits). The 
coded bits may he interleaved in accordance with a particular interleaving 
scheme. For ease of implementation, the interleaving may be performed prior 
5 bo puncturing, The coded bits (e.g., the tail and parity bits, if a Turbo code is 
used] are then punctured in accordance with a particular puncturing scheme to 
provide a number of unpunctured coded bits for the transmission channels. 
The puncturing is adjusted to achieve different coding rates needed by the 
transmission channels. As an alternative, the picturing may also be 

10 performed prior io interleaving. 

Non-biiiary symbols are then formed for the transmission channels- 
Bach non-binary symbol includes a gioup of interleaved and unpunctured 
coded bits and is mapped a respective modulation symbol- The specihc 
number of coded bits in each non -binary symbol is dependent on the channel's 

15 modulation scheme. For a multiple-input multiple-output <MIMO) system 
capable of iransiniuing on a number of spatial simdiarmeis for each frequency 
subchannel, the modulation symbols for each frequency subchannel may be 
pre-conditioned prior to transmission, as described below. 

The invention provides methods and system elements that implement 

20 various aspects, embodiments, and features of the invention, as described In 
further detail below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 The features, nature, and advantages of the present invention will 

become more apparent from the detailed description set forth below when 
taken in conjunction with the drawings in which like reference characters 
identify correspondingly throtighoni and wherein: 

FIG. 1 is a diagram of a multiple-input multiple-output (MIMO) 
30 communication system capable of implementing various aspects and 
embodiments of the invention; 

FTG. 2 is a diagram that graphically illustrates an OFDM transmission 
from one of N T transmit antennas in the MTMO system; 

FIGS. 3A and 3B are diagrams of a parallel concatenated convolutions! 
35 encoder; 

FTG, 3C is a diagram of an embodiment of a puncturer and multiplexer, 
which may be used to provide variable puncturing of coded bits; 
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FIGS. 4A and 4B are How diagrams of two coding /puncturing schemes 
for generating the required coded bits for a data transmission, which utilize a 
particular base code tout common and variable puncturing schemes, 
respectively,- 

5 FIG. 5 is a diagram of a signal constellation for 16<£AM and a specific 

Gray mapping scheme; 

FIG, 6 is a block diagram of an embodiment of a MIMO processor; 
FIG. 7 is a block diagram of an embodiment of a system capable of 
providing different processing for different transmissions; and 
10 FIG- B is? a block diagram of an embodiment - of the decoding portion of a 

receiving system. 

DETAILED DESCRIPTION OF THE SPECIFIC EMBODIMENTS 



15 FIG. 1 is a diagram of a multiple-input multiple-oxitput (MIMO) 

communication system 100 capable of implementing various aspects and 
embodiments of the invention. Communication system 100 can be designed to 
implement the coding schemes described herein. System 100 can further be 
operated to employ a combination of antenna, frequency, and temporal 

20 diversity bo increase spectral efficiency, improve performance, and enhance 
flexibility. Increased spectral efficiency is characterized by the ability to 
transmit more bits per second per Hertz (bps/Hz) when arid where passible to 
better utilize the available system bandwidth. Improved performance may be 
quantified, fox example, by a lower bit-error-rate (BER> or frame-error-rate 

25 (FER) for a given link signal-to- noise-plus-interference ratio ^SNR). And 
enhanced flexibility is characterized by the ability to accommodate multiple 

Limners having" different and typically disparate requirements. These goals may 

be achieved, in part, by employing a high performance and efficient coding 
scheme,, multi-carrier modulation, time division multiplexing (TDM), multiple 
30 transmit and /or receive antennas, other techniques, or a combination thereof. 
The features, aspects, and advantages of the invention are described in further 
detail below. 

As shown in HG. 3, communica lion system 100 includes a first system 
110 in corruriuni cation with a second system 150. Within system 110, a data 
35 source 112 provides data (i.e v information bits) to an encoder 11.4 that encodes 
the data in accordance with a particular coding scheme. The encoding 
increases the reliability of the data iTansmission. The coded bits are then 
provided to a channel interleaver 116 and interleaved (i.e., reordered) in 
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accordance \vith a particular interleaving scheme. The interleaving provides 
time and frequency diver shy for the coded bite, permits the data to be 
transmitted based on an average SNR for the subchannels used for the data 
transmission, combats fading, and further removes correlation between coded 
5 bits used to form each modulation symbol, as described below. The interleaved 
bits are then punctured (i.e., defefed) to provide the required number of coded 
bits. The encoding, channel interleaving, and puncturing are described in 
further detail below. The unpunctured cod^d bits are then, provided to a 
symbol mapping element 118. 

10 In an OFDM system, the operating frequency band, is effectively 

partitioned into a number of "frequency subchannels" (Le. r frequency bins). Af 
each "time slot" (i.e., a particular time interval that may be dependent on the 
bandwidth of the frequency s-ubcharmel), a "modulation symbol' 1 may be 
transmitted on each frequency subchannel. As described in further detail 

15 below, the OFDM system may be operated in a MIMO mode in which, multiple 
(N T ) transmit antennas and multiple (N„) receive antennas are used for a data 
transmission. The MIMO channel may be decomposed Into N c independent 
channels, with Nh_ ^ N 7 and N c ^ N^- Each of the N c independent channels is 
also referred to as a "spatial subchannel" of the MIMO channel, which 

2D corresponds to a dimension. In the MIMO mode, increased dimensionality is 
achieved and modulation symbols may be transmitted on N c spatial 
subchannels of each frequency subchannel at each time slot. In an OFDM 
system not operated in the MIMO mode, there is only one spatial subchannel. 
Bach frequency subchannel/ spatial subchannel may also be referred to as a 

25 "transmission channel". The MIMO mode and spatial subchannel ace described 
in further detail below. 

The number of information bits that may he transmiited for each 
modulation symbol for a particular level of performance i$ dependent on ihe 
SNK of the transmission channel. For each transmission channel, symbol 

3D mapping element 118 groups a set of unpunctured coded bits to form a non- 
binary symbol for that transmission channel. The non-binary symbol is then 
mapped to a modulation symbol, which represents a point in a signai 
constellation corresponding to the modulation scheme selected for the 
transmission channel. The bit grouping and symbol mapping are performed 

35 for all transmission charunels, and for each time slot used for data transmission. 
The modulation symbols for all transmission channels are then provided to a 
MIMO processor 120. 



(37) 



6 

Depending on the particular "spatial 1 ' diversity being implemented (if 
any), MIMO processor 120 may demultiplex, pre-condition, and combine the 
received modulation symbols. The MIMO processing is described hi further 
detail below. For each transmit antenna, MIMO processor 120 provides a 
5 stream of modulation, symbol vectors, one vector for each time slot Each 
modulation symbol vector includes the modulation symbols for all frequency 
subchannels for a given time slot. Each stream of modulation symbol vectors is 
received and modulated by a respective modulator (MOD) 122, and 
transmitted via an associated antenna 124. 

20 In the embodiment shown in FIG. 1, receiving system 150 includes a 

number of receive antennas 152 that receive the transmitted signals and 
provide the received signals to respective demodulators (DEMOP) 154. Each 
demodulator 354 performs processing complementary to that performed at 
modulator 122. The demodulated symbols from ail demodulators 154 are 

15 provided to a MIMO processor 156 and processed in a complementary manner 
as that performed at MIMO processor 120. The received symbols for the 
transmission channels are then provided to a bit calculation unit 159 that 
performs processing complementary to that performed by symbol mapping 
element 11B and provides values indicative of the received bits. Erasures (e.g 

20 zero value Indicatives) are then inserted by a de-puncturer 159 (or coded bits 
punctured at system 1.10. The de-punctured values are then deinterleaved by a 
channel deinterleaver 160 and further decoded by a decoder 162 to generate 
decoded bits, which are then provided to a data sink 164. The channel 
derni er! eaving, de-puncturing, and decoding are complementary to the channel 

25 interleaving, piincturing, and encoding performed at the transmitter, 

FIG. 2 is a diagram that graphically illustrates an OFDM transmission 
front one of N. transmit antennas in a MIMO svstem. In FIG, % the horizontal 
axis represents time and the vertical axis represent frequency. In this specific 
example, the transmission channel includes 16 frequency subchannels and is 

30 used to transmit a sequence of OFDM symbols, with each OFDM symbol 
covering all 16 frequency subchannels. A time division multiplexing (TDM) 
structure is also illustrated in which the data transmission is partitioned into 
time slots,, with each time slot having a particular duration. For the example 
shown in FIG, 1, the time slot is equal to the length of one modulation symbol. 

35 The available frequency subchannels may be used to transmit signaling/ 

voice, packet data, and so on. In the specific example shown in FIG. 2, the 
modulation symbol at time slot 1 corresponds to pilot data, which may be 
periodically transmitted to assist the receiver unite synchronize and perform 
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channel estimation. Other tedmiques for distributing pilot data over time and 
frequency may also be vised. Transmission of the pilot modulation symbol 
typically occurs at a particular rate, which is usually selected to be fas! enough 
to permit accurate tracking of variations m the communication link. 
5 The time slots not used for pilot transmissions can be used to transmit 

various typos of daia. For example, frequency subchannels 1 and 2 may be 
reserved for the transmission of control and broadcast data to the receiver 
units. The data on these subchannels is generally intended to be received by all 
receiver units. However, some of the messages on the control channel may be 

10 ufter specif ic, and may be encoded accordingly. 

Voice data and packet data may be transmitted in the remaining 
frequency subchannels. For the example shown,, subchannel 3 at time slots 2 
through 9 is used for voice call 1, subchannel 4- at time slots 2 through 9 is used 
for voice call 2, subchannel 5 at time slots 5 through 9 is used for voice call 3, 

15 and subchannel 6 at time slots 7 through 9 is used for voice call 5, 

The remaining available frequency subchannels and time slots may be 
used for transmissions of traffic data, A particular data transmission may occur 
over multiple subchannels and/or mirltipie time slots, and multiple data 
transmissions may occur within any particular time slot A data transmission 

20 may also occur over non-contiguous time slots, 

On the example shown in FIG, 2, data 1 transmission uses frequency 
subchannels 5 through 16 at time slot 2 and subchannels 7 through 16 at time 
slot 7, data 2 transmission uses subchannels 5 through 16 at time slots 3 and 4 
and subchannels 6 through 16 at time slots 5, data 3 transmission uses 

25 subchannels 6 through 16 at time slot 6, data 4 transmission uses subchannels 7 
through 16 at time slot 8, data 5 lraru?mission uses subchannels 7 through 11 at 
time slot 9 r and data 6 transmission uses subchannels 12 thrcaigh 36 at time slot 
9. Data 1 through 6 transmissions can represent transmissions of traffic data to 
one or more receiver units. 

30 To provide the transmission flexibility and achieve high performance 

and efficiency, each frequency subchannel at each time slot for each transmit 
antenna may be viewed as an independent unit of transmission {a modulation 
symboi) that may be used to transmit any type of data such as pilot, signaling, 
broadcast, voice, traffic data, some other data type/ or a combination thereof, 

35 Flexibility, performance, and efficiency may further be achieved by allowing for 
independence among the modulation symbols, as described below. For 
example, each modulation symbol may be generated from a modulation 
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scheme (e.g., M-PSK, M-QAM, or some other scheme) that results in the best 
use of the resource at that particular time, frequency, and space. 

5 In a terrestrial communications system (e.g v a cellular system, a 

broadcasl system, a rn.utU-chan.nel multi-point distribution system (MMDS) 
system, and others), an RF modulated signal from a transmitter unit may reach 
the receiver unit via a number of transmission paths- The characteristics of the 
transmission paths typically vary over time due to a number of factors. If more 

30 than one transmit or receive antenna is used, and if the transmission, paths 
between the transmit and receive antennas are linearly independent (i.e. y one 
transmission is not formed as a linear combination of lh& other transmissions), 
which is generally true to at least an extent, then the likelihood of correctly 
receiving the transmitted signal increases the number of antennas increases. 

15 Generally, as the number of transmit and recede antennas increases/ diversity 
increases and performance improves. 

A MIMO communi cation system such as the one shown in FIG* 1 
employs antennas at both the transmit arid receive ends of the communication 
hitk. These transmit and receive antennas may be used to provide various 

20 forms of "spatial diversity", including 'transmit 1 ' diversity and "receive" 
diversity. Spatial diversity is characterized by the use of multiple transmit 
antennas and one or more receive antennas- Transmit diversity is character! r.ed 
by the transmission of data over multiple transmit antennas. Typically, 
additional processing is performed on the data transmitted from the transmit 

25 antennas to achieved the desired diversify. For: example, the data transmitted 
from different transmit antennas may be delayed or reordered in time, coded 
and interleaved across the available transmit antennas, and so on. Receive 
diversity is characterized by the reception of the transmitted signals on 
multiple receive antennas, and diversity is achieved by simply receiving the 

30 signals via different signal paths-. 

Spatial diversity may be used to improve the reliability of the 
communication link with or without increasing the link capacity. This may be 
achieved by transmitting or receiving data over multiple paths via multiple 
antennas. Spadal diversity may be dynamically selected based on the 

35 characteristics of the communication link to provide the required performance. 
For example, higher degree of spatial diversity may be provided for some types 
of communication (e.g., signaling), for some types of services {e.g., voice), for 
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some communication link characteristics (e.g., low SNR), or for some other 
conditions or considerations. 

The da la may be transmitted from multiple antennas and /or on multiple 
frequency subchannels to obtain me desired diversify. For example, data may 
5 be transmitted on: (1) one subchannel from one antenna, (2) one subchannel 
(e~g v subchannel 1.) from multiple antennas, (3) one snbcliannel from all Nf T 
antennas, (4) a set of subchannels (e.g., subchannels 1 and 2) from one antenna, 
(5), a set of subchannels from multiple antennas, (6) a set of subchannels from 
all N r antennas, or (7) a set of dianneis from a set of antennas (e.g., subchannel 

10 1 from antennas 1 and 2 at one. timesJot, subchannels 1 and 2 from antenna 2 at 
another time slot, and so on). Thus, any combination of subchannels and 
antennas may be usad to provide antenna and frequency diversity. 

In the MIMO commurrication system, the multi-input multi-output 
channel can be decomposed into a set of K c independent spatial subchannels, 

15 The number of such spatial subchannels is less than or equal, to the lesser of the 
number of the transmitting antennas and the number of receiving antennas 
(i.e., N c < N T and N c < NJ- If H is the x N T matrix that gives the cliarmel 
response for the N r transmit antennas and ihe N R receive antennas at a specific 
time, and x 3s the N-^vector inputs to the channel, then the received signal can 

20 be expressed as: 

y ^ Ik t n f 

where n is an N B -vector representing noise phis interference. In one 
embodiment, the eigenvector decomposition of the Herrrutian. matrix formed 
by the product: of the channel matrix wfth tts cot^ugaie-iranspose can be 
25 expressed as: 

H H = EA£" , 

where the symbol denotes conjngate-transpose r E is the eigenvector matrix, 
and A is a diagonal matrix of eigenvalues, both of dimension N.;XN r 

The transmitter converts (i.e., pre-conditions) a set of N T modvilation 
30 symbols b using the eigenvector matrix E. The transmitted modulation 
symbols from the N T transmit antennas tan be expressed as: 

For all antennas, the pre-conditioning of the modulation symbols can be 
achieved by a matrix multiply op era Lion expressed as: 
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where b lt b sr ... and b KI are respectively the modulation symbols for a particular 
frequency subchannel at transmit antennas 1, % ->. N.^ where each 
modulation symbol can be genera led using, for example, M-PSK, 
M-QAM., and so on. as described below; 
E - is the eigenvector matrix related to the transmission characteristics 
from transmit antennas to the receive antennas; and 
... x NT are the pre-conditioned modulation symbols, which can be 
expressed as: 



10 



*, ~ fe <j s + fr x -f ... + ft^ -c 2Wj , and 
h ■ 6 xj + & i ' + - + K T • f'H T ,i T ■ 

The received signal may be expressed as: 

15 The receiver pier forms a cha.nneLmatcb.ed -filter operation/ followed by 
multiplication by the right eigenvectors. The result of the chanjra;l--matehed- 
filter opera tkm is the vector g, which can be expressed as: 

z - E*iZ~HEh + E^n ^ Ah + n , 

where ihe new noise term has covarianee that can be expressed as: 

20 FJjvT) - E(&lfmftK) = £*B*JTE - A , 

i.e., the noise components are independent and have variance given by the 
eigenvalues. The SNll a$ the i ft component of z is A i , the i A diagonal element of 



An embodiment of the MIMO processing is described in further detail 
25 below and in US Patent Application Serial No, 09/532^91, entitled 'HIGH 
EFFICIENCY, HIGH PERFORMANCE COMMUNICATIONS SYSTEM 
EMl^LOYrNG MULT! CARE1ER MODULATION," filed March 22 r 2000, 
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assigned, to the assignee r>:F the present application end incorporated herein by 
reference. 

Each of the N c spatial subchannels in the MIMO channel as described in 
the above embodiment is also referred to as an eigenmode if these channels are 
5 Independent of each other. For (he MIMO mode, one modulation symbol can 
be transmitted on each of the eigenrnodes in each frequency snbchasmel. Since 
the SN1< may be different for each eigenrciode, the number of bits that may be 
transmitted over each eigenmode may also be different. As noted above, each 
eigenmode of each frequency subchannel is also referred to as a transmission 
10 channel. 

In ether embodiments, the spatial subchannels can be created differently. 
For example, a spatial subchannel can be defined as the transmissions from one 
transmitter antenna to all of the receiver antennas. 

As used herein, the iMIMO mode includes full channel state information 

15 (fufcCSl) and partial-CSl processing modes. For both ftiJKSI and partial-CSl, 
additional transmission paths are provided via spatially separable subchannels. 
FuU*CSX processing utilizes eigenrnodes, as described above. Partial-CSl 
processing does not utilize eigenmodes, and may involve providing to the 
transmitter unit (e.g., via feeding back on the reverse link) the SNTR for each 

20 transmission channel {ie v receive diversity porL), and coding accordingly based 
on the received SNR. 

A number of formulations may be utilised at the receiver unit to provide 
the requisite information for parnabCST, including linear and non-linear forms 
of z;ero-forcmg F channel correlation matrix inversion {CCMI}, and minimum 

25 mean sqtiare error (MMSE), as is known in the art. For example, the derivation 
of SNRs for a non-linear zero-forcing (partial-CSl) MIMO case is described by 
F.W. Wolrdansky e.t ah in a paper entitled "V-BLAST: An Architechare for 
Realising Vety High Data Rates Over the Kieh-Scattering Wireless Channel," 
Froc. IEEE ISSSE-98, Pisa, Italy, Sept. 30, 1998, and incorporated herein by 

3D reference. The eigenvalues from a MIMO formulation are related to the SNRs 
of the eigenmodes for the fulI-CSI case. Non-MIMO cases can use an 
asscjrfment of methods, as is known in the art. 

Each transmission channel is associated \vith a SNR that may be known 
to both the transmitter and receiver. In this case, the modulation and coding 

35 parameters of each modulation symbol can be determined based on five SNK of 
the corresponding transmission channel. This allows for efficient use of the 
available frequency subchannels and eigenmodes. 
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Table 1 lists the number of information bits that may be transmitted in 
each modulation symbol fOT a particular level of performai'tce (e.g./ 1% frame 
error rate, or % FFR) for various SNR ranges. For each £MR range, Table 1 also 
lists a particular modulation scheme selected for use with that SNR range, the 
5 number of coded bits that may be transmitted for each modulation symbol for 
the selected modulation scheme, and the ceding rate used to obtain the 
required number of coded bits /modulation symbol given the supported 
number of information bits /modulation symbol. 

Table 1 lists one combination g£ modulation scheme and coding rate for 

10 each SNR range. The supported bit rate for each transmission channel may be 
achieved using any one of a number of possible combinations of coding rate 
and modulation scheme. For example, one information bit per symbol may be 
achieved using (1) a coding rate of 1/2 and QFSK modulation, {2} a coding rate 
of 1/3 and B-I'SK modulation, (3) a coding rate of 1/4 and 16-QAM, or (4) some 

15 other combination of coding rate and modulation scheme. In Tabie 1, QFSK, 
16-QAM, and 64-QAM are used for the listed SNR Tinges. Other modulation 
schemes such as S-FSK, 32-QAM, 12&-QAM, and so on, may also be employed 
and are srdthin the scope of the invention. 



Table 1 



SNR 


#of ^formation 


Modulation 


# of Codec! 


Coding R&te 


Rrooge 


Bits/Symbol 


Symbol 


Bits/Symbol 




1,5-4.4 


i 


QFSK 


2 


1/2 


44-6.4 


1.5 


QFSK 




3/4 


6.4 - 8.35 


2 


16-QAM 


4 


1/2 


8.35 ~ 10.4 


2.5 




4 


5/a 


10,4-12.3 


3 




4 


3/4 




3.5 


64-QAM 


6 


: 7/12 


14.15-15.55 


4 


64-QAM 


6 




25.55^17.35 


4.5 


64QAM 


6 


3/4 


:> 17.35 


3 


64-QAM 


6 


5/6 



20 

For daiity, various aspects of the invention are described for an OFDM 
system and, in many instances, for an OFDM system operating in a MIMO 
mode. However, the encoding and processing techniques described herein 
may generally be applied to various communication systems such as, for 
25 example, (1) an OFDM system operating without MIMO, (2) a MIMO system 
operating without OFDM' {ie., operating based on a single frequency 
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subchannei ie-, a singie RF carder, but multiple spa Hal subchannels^ (3) a 
MIMO system operating with OFDM, and (4) others. OFDM is simply one 
technique for subdividing a wideband channel into a number of orthogonal 
frequency subchannels. 

5 

Encoding 

HG. 3A is a block diagram of an embodiment of a parallel concatenated 
convolutions! encoder 114x, which is often referred to as a Turbo encoder. 
Turbo encoder 134x represents one implementation of the forward error 

10 correction (FEC) portion of encoder 114 in FIG, 1 and may be used to encode 
data for transmission over one or more transmission channels. 

The encoding within encoder 1 14 may include error correction coding or 
error detection coding,, or both, which are used to increase the reliability of the 
link. The encoding may include, for example, cyclic redundancy check {CRC) 

15 coding, convolutional coding. Turbo coding, Trellis coding block coding (e.g., 
^eed-Solomon coding), other types of coding, or a combination thereof. For a 
wireless OHnroairiicstion system, a packer of data may be initially encoded with 
a particular CRC code, and the CRC bits are appended to the data packet. 
Additional overhead bits may also be appended to the data packet to form a 

20 formatted data packet, which is then encoded with a convolutionaL or Turbo 
code. As used herein, "information Mrs" refer to bits provided to the 
convolutions! or Turbo encoder, including transmitted data bits and bits used 
to provide error detection or correction capability for the transmitted bits. 

As shown in FIG. 3A., Turbo encoder 114x includes two constituent 

25 encoders 312a and 312b, and a code interieaver 314. Constituent encoder 312a 
receives and encodes the information bits, x r in accordance with a first 
constituent code to generate a ht$t sequence of tail and parity bits, y. Code 
interloaver 314 receives and interleaves the information bits in accordance with 
a particular interleaving scheme. Constituent encoder 312b receives and 

30 encodes the interleaved bits in accordance with a second constituent code to 
generate a second sequence of ts.il and parity bits, z~ The information bits, tail 
bits, and parity bits from encoders 312a and 312b are provided to the next 
processing element (channel interleaver 116). 

HG. 3B is a diagram of an embodiment of a Tur bo encoder H4y, which 

35 is. one implementation of Turbo encoder 114x and may also be used within 
encoder 114 in FIG. 1. In this example, Turbo encoder 114y is a rate 1/3 
encoder that provides two parity bits, y and x, for each information bit I. 
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Irs. the embodiment shown in FIG. 3B, each constituent encoder 322 of 
Turbo encoder U4y implements the following transfer function for the 
constituent coder 



5 where 

= l+D^/> 3 , and 
diD) -l + 2>* + 

Other constituent codes may also be vised and are within the scope of the 
invention. 



10 elements 332, a number of moduIo-2 adders 334, and a switch 336. initially, the 
states of delay elements 332 are set to zeros and switch 336 is in the up position. 
Then, for each information bit in a data packet, adder 334a performs modulo- 2 
addition of the information bit with the output bit from adder 334c and 
provides the result to delay element 332a. Adder 334b receives and performs 

15 modulo-2 addition of the bits from adder 334a and deiay elements 332a and 
332c, and provides the parity bit y Adder 334c performs modulo-2 addition of 
the bits from delay elements 332b and 332c. 

After all N information bits in the data packet have been encoded, switch 
336 is moved to the down position and three jzcto ("0") bits are provided to the 

20 constituent encoder 322a, Constituent encoder 322a then encodes the three 
zero bits and provides three tail systematic bits and three tail parity bits. 

For each packet of H information bits, constituent encoder 322a provides 
M information bits x, the first three tail systematic bits, N parity bits y, and the 
first three tail parity bits, and constituent encoder 322b provides the second 

25 three tail systematic bits, N parity bits z, and the last three tail parity bits. For 
each packet, encoder 114y provides N information bits, six tail systematic bits, 
N-j-3 parity bits from encoder 322a, and N*3 parity bits from encoder 322b. 

Code interleave? 314 may implement any one of a number of 
interleaving schemes, in. one specific interleaving scheme,, the NT information 

30 bits in the packet are written, by row, into a 2^row by 2 fl -coIumn array, where n 
is the smallest integer such that N < 2^. The rows are then shuffled according 
to a bit-reversal rule. I'or example, row 1 ("00001") is swapped with row 16 
flOOOO"), row 3 ("00011") is swapped with row 24 ("11000"), and so on. The bits 




r. 



»(0)1 



Bach constituent encoder 322 includes a number of aeries coupled delay 
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within each row are then permutated (i.e., rearranged) according to s row- 
specific linear eongruenlial sequence (LCS). The LCS for row k may be defined 
as x^i+1) ~ {x k (i) + cj mod 7", where i * 0, 1, ... 2^1, x^O) ~ and c rt is a specific 
value selected for each, row and is further dependent on the value for n. For 
5 permutation in each row, the i !S bit in the tow is placed in location x{i). The bits 
in code interleaver 314 are then read out by column. 

The above LCS code interleaving sachem*? is described in further detail in 
commonly assigned U.S. Patent Application Serial No. 09/205,511, entitled 
"TURBO CODE INTERLEAVER USING LINEAR CONORUBNTIAL 
10 SEQUENCES," filed December 4, 1998, and in a document entitled "C.S0GG2-A^ 
1 Physical Layer Standard for cdma2OO0 Spread Spectrum Systems" (hereinafter 
referred to as the cdma2D0O standard), both of which, are incorporated herein 
by reference, 

Other code interleave? may also be used and are within the scope of the 
15 invention. For example, a random interleaver qt a symmetrical- random (S- 
random) interleaver may also be used instead of the linear congruenbal 
sequence interJeaver described above. 

For clarity, the data coding is specifically described based on a Turbo 
code. Other coding schemes may also be used and are within the scope of the 
2ES invention. For example, the data may be coded with a eonvoiutional code, a 
block code, a concatenated code comprised of a combination of block., 
convolutions!, and /or Turbo codes, or some other code. The data may be 
coded in accordance with a "base" code, and the coded bite may thereafter be 
processed (e.g., pimctured) based on the capabilities of the transmission 
25 chamiels used in transmit the data. 



Channel I nterl eaving 

Referring £&ck io FIG. 1, me coded bits from encoder 114 are interleaved 
by channel interleaver 116 to provide temporal and frequency diversity against 

30 deleterious path effects (e.g., fading). Moreover r since coded bits are 
subsequently grouped together to form non-binary symbols that are then 
mapped to modulation symbols, the interleavii^g further ensures that fee coded 
bits that form each modulation symbol are not located ciose to each other 
(temporally). For static additive white Gaussian noise (AWGN) channels, the 

35 channel interleaving is less critical when a T^rbo encoder is also employed, 
since the code interleaver effectively performs similar functions. 

Various interleaving schemes may be used for the channel inter! eaver. 
In. one interleaving scheme, the coded bits (i.e., the information, tail, and parity 
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bits) for each packet are written (linearly) to rows of memory. The bits in each 
row may then be j^ermutated (i.e., rearranged) based on {1} a bit-reversal rule, 
(2) a linear congruential sequence (such as the one described above for the code 
interleaver), (3) a randomly generated pattern, (4) or a permutation pattern 
5 generated in some other manner. The rows are also permutated in accordance 
with a particular row permutation pattern. The permutated coded bife axe then 
retrieved from each column and provided to puncmrer 117. 

In an embodiment, the channel interleaving is performed individually 
for each hit stream in a packet. For each packet, the information bits x, the tail 

10 and parity bite y from the first constituent encoder, and the tail and parity bits z 
from the second constituent encoder may be interleaved by three separate 
ixtferleavers, which may employ the. same or different channel interleaving 
schemes- This separate interleaving allows for flexible puncturing on the 
individual bit streams. 

15 The interleaving interval may be selected to provide the desired 

temporal and frequency diversity. For example, coded bits for a particular Eime 
period (c-g-, 10 msec, 20 msec, or some other) and / or for a particular number of 
fransmission channels may be interleaved. 

20 1'imc^imng ; 

As. noted above, for an OPDM commvmicarion system, ihe munbev of 
m formation bits that may lie tran spitted for each modulation symbol is 
dependent on the SNR of the transmission channel used to transmit the 
modulation symbol. And for an OFDM system operated in the MTMO mode, 

25 the number of information bite that may be transmitted for each modulation 
s5'mbol is dependent on the SNR of the frequency subchannel and spatial 
subchaimel used to transmit the modulation symbol. 

In accordance with an aspect of the invention, a number of 
coding/ puncturing schemes may be used to generate the coded bits {Le., 

30 in formation, tail, and parity bits) for transmission. Fn a first coding/ puncturing 
scheme, a particular base code and common picturing is applied for all 
transmission channels. In a second coding/puncturing scheme, the same base 
code but variable puncturing is applied for the transmission channels. The 
variable puncturing is dependent on the SNR of the transmission channels. 

35 FIG. 4A is a flow diagram of an embodiment for generating the required 

coded bits for a data transmission, which employs the base code and common 
puncturing scheme. Initially, the SNR for each transmission channel (i.e., each 
eigenroode of each frequency subchannel) is determined, at step 412, For an 
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OFDM system not operated in the MiMO mode, only one eigenmode is 
supported and thus only one SNR is determined for each frequency 
subchannel. The SNR for each transmission channel may be determined based 
on the transmitted pilot reference or via some other mechanism. 
5 At step 414, the number of infonnation bits per modulation symbol 

supported by each transmission channel is determined based on its SNR. A 
table that associates a range of SNR with each specific mrmber of information 
bits/ modulation symbol, such as Table 1, may be used. However, finer 
quantization than the 0.5-bit step size for the information bits shown in Table 1 
10 may be used. A modulation scheme is then selected for each transmission 
channel such that the number of information bite/ modulation symbol can be 
transmitted, at step 416. The modulation scheme may also be selected to take 
into account other factors (eg., coding complexity), as described in further 
detail! below. 

15 At step 41 8, the total number of information bits that may be transmitted 

in each time slot for all transmission channels is determined. This can be 
achieved by summing the number of information, bits /modulation symbol 
determined for all transmission channels. Similarly, the total number of coded 
bits that may be transmitted m each time slot for all transmission chattels is 

20 determined, at step 420. This am be achieved by determining the number of 
coded bits /modulation symbol for each modulation scheme selected in step 
416, and summing the number of coded bits for all transmission channels. 

At step 422, the total mimber of information bits determined in. step 418 
is encoded with a particular encoder. If a Turbo encoder is used, the tail bits 

25 and parity bits generated by the encoder are punctured to obtain the total 
number of coded bits determined in step 420. The impunctured coded bits are 
then grouped into non-binary symbols, which are then mapped to modulation 
Symbols for the transmission channels, at step 426. 

The first coding/ puncturing scheme is relatively simple to implement 

30 since the same base code and puncturing scheme are used for all transmission 
channels. The modulation symbol for each transmission channel represents a 
point in a signal constellation corresponding" to the modulation scheme selected 
for that transTnission channel. If the distribution of die SNR for the 
transmission channels is widespread,, the dtstance between the constellation 

35 points relative to the noise variance for different signal constellations will vary 
widely. This may then impact the performance of the system. 

FIG. 41? is a flow diagram of an embodiment for generating the required 
coded bits for a data transmission, which employs the same base code but 
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variable puncturing scheme. Initial Ly, the SNK for each transmission channel is 
determined, at step 432. In an embodiment, transmission channels with 
insufficient SNR are omitted from use for data transmission (i.e,, no data la 
transmitted on poor transinission channels). The number of information bits 
5 per modulation symbol supported by ejich transmission channel is then 
determined based on its 5NR. at step 434. A modulation scheme is next 
selected for each, transmission channel such thai the number of information 
bits/modulation symbol can be transmitted, at step 436. Steps 432, 434, and 436 
in FIG, 4-8 correspond to sleps 412, 414. and 426 in FIG, 4A. 

10 At step 438, the transmission channels belonging to the same SN r R range 

are grouped into a segment. Alternatively, ranges can be defined for the 
number of information bits per modulation symbol {eg-, range 1 covering 1.0 to 
1.5 information bits /modulation symbol, range 2 covering 1.5 to 2.0 
information bits /modulation symbol, and so on). In this case, transmission 

15 channels having number of information bits per modula tion symbol within the 
same range are grouped into a segment. 

Bach segment includes K transmission channels, where K, can be any 
integer one or greater- The total number of information bits and total number 
of coded bits that can be transmitted in each segment are then determined, at 

20 step 440. For example, segment % may include K transmission channels, each of 
which may support transmission of N ; information bits /modulation symbol 
and l\ tail and parity bits/modulation symbol. For each time slot, the total 
number of information bits that may be transmitted in segment i can be 
computed a& K. -N., the total number of tail and parity bite thai; may be 

25 transmitted can be computed as IGP^ and the total number of coded bits may 
be computed as K t (N s + F,). 

At step 442, the information bits to be transmitted in each time slot for all 

segments, which may be computed as y^,K I N j , are encoded with, a particular 

i 

encoder (e.g., a rate 1/3 Turbo encoder such at the one shown in RG. 33). At 
30 step 444, Nj infortnation bits and H/R parity and tail bits are assigned to each 
transmission channel of segment i r where R is the coding rate of the encoder. 
The N A /R parity and tail bite are then punctured to obtain the P, parity artd tail 
bits required for each transmission channel of the segment, at step 446- At step 
44S, the N ; information bits and the P parity and tail bits for each transmission 
35 channel of segment i are mapped to a modulation symbol for the transmission 
channel. 
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The second, coding/ puncturing scheme may provide improved 
performance over, the first scheme, especially if the distribution of SNR for the 
transmission channels is widespread- Since different modulation schemes and 
coding rate may be used for different transmission, channels, the number of bits 
5 transmitted on each transmission channel is typically communicated from the 
receiver to the transmitter on the reverse link. 

Table 1 shows the quantization of the number of ^formation 
bit s /mod ulation symbol using 0.5-bit step size. The quantization granularity 
may be reduced (i.e., to be finer than 0.5-bit) if each segment {and not each 

"J.0 transmission channel) is required to support an integer number of information 
bits. If Kj-N, is required to be an integer, a larger integer value for K, allows for 
a smaller step size for The quanrLsation granularity may be further reduced 
if the quantization is allowed to be carried from segment to segment. For 
example, if one bit needs to be rounded-off in one segment, one bit may be 

15 rounded-up in the next segment, if appropriate. The quantisation granularity 
may also be reduced if the quantization is allowed to be carried over multiple 
time slots. 

To support an OFDM system (especially one operated in the MIMQ 
mode) whereby different SNR may be achieved for the transmission channels, a 

20 flexible puncturing scheme may be used in conjunction with a common base 
encoder {e.g., a rate 1/3 Turbo encoder) to achieve the necessary coding rates. 
Tins flexible puncturing scheme may be used to provide the necessary nnmber 
of tail and parity bits tor each segment For a high coding rate in which more 
tail and parity bits are pune Lured than retained, the puncturing may be 

25 efficiently achieved by retaining the required number of tail and parity bits as 
they are generated by the encoder and discarding the others. 

As an example?, a segment may Lnthide 20 16-QAM modulation symbols 
and has a SNR that supports transmission of 2 75 information bits /modulation, 
symbol- For this segment, 55 information bits (55 - 20x2.75) may be 

30 transmitted in 20 modulation symbols. Each 16-QAM modulation symbol is 
formed with four coded bits, and 80 coded bits are needed foT 20 modulation 
symbols. The 55 information bits may be encoded with a rate 1/3 encoder to 
generate 122 tali and parity bits and 55 information bits. These 122 tail and 
parity bits may be punctured to provide the 35 tail and parity bits required for 

35 the segment which in combination with the 55 inforrnalion bits comprise the 80 
coded bits. 

Referring back to FIG. 1, puncturer 117 receives the interleaved 
information and parity bits from channel inter/leaver 116, punctures (i.e., 
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deletes) some of the Ml and parity bits to achieve the desired coding rate(s), 
and multiplexes the unpunctured information, taii, and parity bits into a 
sequence of coded bits. The irifoimation bits (which are also referred to as 
systematic bits) n^ay also be punctured along: with the tail and parity bits, and 
5 this is within the scope of the invention, 

FTC 3C is a diagram of an embodiment of a puncturer 117x, which may 
be u^ed to provide variable puncturing of coded bits. Puncturer II 7x is one 
implementation of ptmcturer 117 in FIG- 1. Using a set of. counters, puncturer 
117x performs puncturing to retain F 5 tail and parity bits out of Q ; tail and 

10 parity bits generated by the encoder for segment i. 

Within puncturer 117x r the interleaved tail and parity bits y, }tr and z wr 
from the two const! tuent encoders of the Turbo encoder are provided to two 
inputs of a. switch 342. Switch 342 provides either the y iN7 tail and parity bits or 
the z MT tail and parity bits to line 343, depending on a control signal from a 

15 toggle unit 348. Switch 342 ensures that the tail and pant)' bits from Ere two 
constituent encoders are evenly selected by alternating between the two tail 
and parity bit streams. 

A first, counter. 352 performs modulo-Q addition and wraps around after 
lis content reaches beyond Q-'L A second counter 354 counts (by one) the Q tail 

20 and parity bits, For each segment/ both counters 352 and 354 are initially set to 
zero, switch 342 is in the up position, and the first tail or parity bit is 
provided from multiplexer 346 by closing a switch 344 and appropriately 
controlling dte mtiltiptexer. For each subsequent clock cycle, counter 332 is 
incremented by P and counter 354 is incremented by one. The value of counter 

25 352 is provided to a decision unit 356. If counter 352 experiences a modulo-Q 
operation (i.e., the content of counter 352 wraps around), the tail or parity bit 
on line 343 is provided through switch 344 to multiplexer 346,, which then 
provides the tail or parity bit as an output coded bit. Each time a tail or parity 
bit is provided from multiplexer 346, toggle unit 34S toggles the state of the 

30 control signal, and the other tail and panly bit stream is provided to line 343. 
The process continues until ail Q tail and parity bits- in the segment are 
exhausted, as indicated by comparison unit 358- 

Other puncturing patterns may also be tised and are within the scope of 
the invention. To provide good performance, the number of Jail and parity bits 

35 to be punctured should be balanced between ihe two constituent codes (i-C, 
approximately equal number of $r lw . and ^ tail and parity bits are selected) and 
the unpunctured bits should be distributed relatively evenly over the code 
block for each segment, 
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In certain instances, the number of information bits may be less than the 
capacity of the transmission channels, in such instances, the available and 
tmfllled bit positions may be filled with zero padding, by repeating some of the 
coded bits, or by some other scheme- The transmit power may also be reduced 
5 for some schemes. 

In an embodiment, for each modulation Scheme (e.g., QPSK, 16-QAM, 
64-QAM r and so on) selected for use r the points in khe signal constellation for 

10 the modulation scheme are defined using Gray mapping. The Gray mapping 
reduces the number of bit errors for moite likely error events, as described in. 
further detail below. 

FIG. 5 is a diagram of a signal constellation foe 16-QAM and a specific 
Gray mapping scheme. The signal constellation for 1.6-QAM includes 16 pointy 

15 each of which is associated with a specific 4-bit value. For Gray mapping, the 4- 
bit values are associated with the pointe in the signal constellation such that the 
values for adjacent points (in the horizontal or vertical direction) differ by only 
one bit position. The values lor points furtrier way differ by more bit positions 
(e.g., the values for adjacent points in the diagonal direction differ by two bit 

20 positions), 

Each group of four coded bits {b, b, b n b 4 ) is mapped to a specific point in 
the signal constellation associated with the same value as that of the four coded 
bite- For example, a value of ("0111") for tbe four coded bits is mapped to a 
poitnt 512 in the signal constellation. This point then represents the modulation 

25 symbol for the four coded bits. For 16-QAM, each modulation symbol 
represents a specific one of the 16 point? in the signal constellation, with the 
specific point being determined by the vaiue of the four coded bite. Each 
modulation symbol can be expressed as a complex nujnber (<:■ + )d) and 
provided to the next processing element {{.a, MIMO processor 120 in FIG. 1). 

30 At the receiver unit, the modulation symbols are received in the 

presence of noise and typically do not map to the exact location in the signal 
constellation. For the above example,, the received modulation symbol for the 
transmitted coded bits ("OUT') may not map to point 512 at the receiver unit. 
The noise may have caused the received modulation symbol to be mapped to 

35 another location in the signal constellation. Typically, there is greater 
likelihood of the received modulation symbol being mapped to a location near 
the correct location (e.g., near the points for ' 0101", "(5011 "0110", or Till"). 
Thus, the more likely error event is a received modulation symbol being 
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erroneously mapped to a point adjacent to the correct point. And since 
adjacent points in the signal constellation, have values that differ by only one bit 
posihon, the Gray mapping reduces the number of error bits for more likely 
error events. 

5 FIG, 5 shows a specific Gray mapping scheme for the 1.6-QAM signal 

constellation. Other Gray mapping schemes may also be used and are within 
the scope of the invention. The signal constellations for other modulation 
schemes (e.g., 64-QAM, and so on) may also be mapped with similar or 

other Gray mapping schemes. For some modulation schemes such as 32-QAM 
10 and *28-QAM, a partial Gray mapping scheme may be used if a full Cray 
mapping scheme is not possible. Also, mapping schemes not based on Gray 
mapping may al&o be used and are wi than the scope of the invention 

35 FIG. 6 is a block diagram of an embodiment of a MIMO processor 120x, 

which lis one implementation of MIMO processor 120 in PIG. 1. The 
modulation symbols may be transmitted on multiple frequency subchannels 
and possibly from multiple transmit antennas. When operating in the? MIMO 
mode„ the transmission on each frequency subchannel and from each transmit 

20 antenna represents non-duplicated data. 

Within MIMO processor 12Qx, a demultiplexer (DEMUX) 610 receives 
and demultiplexes the modulation symbols into a number of subchannel 
symbol streams, Sj through one subchannel symbol stream for each 
frequency .subchannel used to transmit the symbols. Each subchannel symbol 

25 stream is £hen provided to a respective subehannel MIMO processor 612. 

Bach subchannel MIMO processor 612 may further demultiplex the 
receive subchannel symbol stream into a nmiiber of (up to 1M T ) symbol sub- 
streams, one symbol sub-stream for each antenna used to transmit the 
modulation symbols. When the OFDM system ip operated in the MIMO mode, 

30 each subchannel MIMO processors 612 pre-conditions the (up to) N r 
modulation symbols in accordance with equation (1) described above to 
generate pre-conditioned modulation symbols, wliich are subsequently 
transmitted, fn the MIMO mode, each pre-conditioned modulation symbol for 
a particular frequency subchannel of a particular transmit antenna represents a 

3.5 linear combination of (weigh ted) modulation symbols for up to N T transmit 
antennas. Each of the (up to) modulation symbols used lo generate each 
pie-con d hloned modulation symbol may be associated with a different signal 
constellation. 
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For each time slot, (up to) N_ pre-conditioned modulation symbols may 
be generated by each subchannel MIMO processor 612 and provided to (up to) 
N r symbol combine 616a through 616£. For example, subchannel MUVIO 
processor 614a assigned to frequency sub channel 1 may provide up to Nu. pre- 
5 conditioned modulation symbols for frequency subchannel 1 of antennas 1 
Uiroiigh N r Similarly, subchannel rvllMO processor 612/ assigned to frequency 
subchannel L may provide ttp to K T symbols for frequency subchannel L of 
antennas 1 through N T . Each combiner 616 receives the pre-conditioned 
modulation symbols for the L frequency stibd't3nriei&, combines the symbols for 

10 each time slot into a modulation symbol vector, V, and provides the 
modulation symbol vector to the next processing stage (i.e.,. modulator 322). 

MIMO processor 120x thus receives and processes the modulation 
symbols to provide N T modulation symbol vectors, V. through one 
modulation, symbol vector for each transmit antenna. The collection of L pre- 

15 conditioned modulation symbols for each time slot of each antenna form a 
modulation symbol vector V of dimensionality L. Each element of the 
modulation symbol vector V is associated with a. specific frequency subchannel 
having a unique subcamer on which the modulation symbol is conveyed. The 
collection of the L modulation symbols are all orlhagonal to one another, if not 

20 operating in a "pure" MIMO mode, some of the modulation symbol vectors 
may have duplicate mformatior* on specific frequency subchannels for different 
transmit antennas. 

Subchannel MIMO proceissoi 612 may be designed to provide the 
necessary processing to implement full channel state information (full-CSI) or 

25 partiahCSI processing for the MIMO mode. Pull CSI includes sufficient 
characterization of the propagation path (i.e., amplitude and phase) between all 
pairs of transmit a^d receive antennas for each frequency subchannel. Partial 
CST may include, for example, the SNR of the spatial subchannels. The CSI 
processing may be performed based on the available CSI information and on 

30 the Selected frequency subchannels,, transmit antennas, and so on, The CSI 
processing may also be enabled and disabled selectively and dynamically. For 
example, the CSI processing may be enabled for a particular data transmission 
end disabled for some other data transmissions. Ihe CSI processing may be 
enabled under certain conditions, for example, when the coiruxtunicabon link 

35 has adequate SNR Full-CSI and pa*ital-CST processing is described m further 
detail in the aforementioned U.S Patent Application Serial No. 09/532.491. 

FIG. 6 also shows an embrjdirnent of modulator 122. The modulation 
Symbol vectors V, Llirough V r horn MTMO processor l20x <*re provided to 
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modidaiore 1 J4q through 114t, respectively - In the? embodiment shown in FIG- 
6, each modulator 114 includes art XWT 620, cycle prefix generator 622, and an 
upconvexter 624, 

IFF!' 620 converts each received modulation symbol vector into its time- 
5 domain representation (which is referred to as an OFDM symbol) using the 
inverse fast Fourier transform (IFFTy IFFT 620 can be designed to perform the 
IFFT on any number of frequency subchannels (e.g., 8, 16, 32, and so on), In six 
embodiment, for each modulation symbol vector converted to an OFDM 
.symbol, cycle prefix generator 622 repeats a portion of the Mine-domain 

10 representation of the OFDM symbol to form a transmission symbol for the 
specific antenna. The cyclic prefix insures that the transmission symbol retains 
its orthogonal properties in the presence of raultipatb delay spread, thereby 
improving performance against deleterious path effects. The implementation 
of IFFT 620 and cycle prefix generator 622 is known in the art and not described 

15 in detail herein. 

The time-domain representations from each cyde prefix generator 622 
(i.e.., the "transmission" symbols for each antenna) are then processed by 
upconverter 624, converted into an analog signal, modulated to a KF frequency, 
and conditioned (eg-, amplified and filtered) to generate an KF modulated 

20 signal., which is then transmitted from the respective antenna 124* 

OFDM modulation is described in further detail in a paper entitled 
"Multiearrier Modulation for Data Transmission : An Idea Whose Tijne Mas 
Corne,' r by John A.C, Bingham, WEE Commutations Magazine, May 1990, 
which is incorporated herein by reference. 

25 For an OFDM system not operated in the MIMO mode, MiMO processor 

120 may be removed or disabled and the modulation symbols maybe grouped 
into the modulation symbol vector V without any pre-cond Wioning. This 
vector is then provided to modulator 122. And for an OFDM system operated 
with transmit diversity (and not in the MIMO mode), demultiplexer 614 may be 

3D removed or disabled and the (same) pre-conditioned modulation symbols are 
provided to (up to) N T combiners* 

As shown in FIG. 2, a number of differexit transmissions (e.g., voice, 
signaling, data, pilot, and so on) may be transmitted by the system. Each of 
these transmissions may require different processing, 

35 FIG. 7 is a block diagram of an embodiment of a system llOy capable of 

providing different processing for different transmissions. The aggregate input 
data, which includes all information bits to be transmitted by system llOy, is 
provided to a demultiplexer 710. Demultiplexer TlO demultiplexes the input 
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data into a number of (K) channel data streams, B,, through B y Each, channel 
data stream may correspond to, for example, a signaling channel, a broadcast 
channel, a voice calf, or a traffic data transmission. Each channel data stream is 
provided to a respective encoder /channel mterieaver/puncturer /symbol 
5 mapping element 712 that encodes the data using a particular encoding scheme 
selected for that channel data stream, interleaves the encoded data based on a 
particular inter leaving scheme, punctures the interleaved code bits, and maps 
the interleaved data into modulation symbols for the one or more transmission 
channels used for transmitting that channel data stream. 

10 The encoding can be performed on a per channel basis (i.e., cm each 

channel data stream, as shown in ITG. 7). However, the encoding may also be 
performed on the aggregate input data (as shown in PIG- 1), on a number of 
channel data streams, on a portion of a channel data stream, across a set of 
frequency subehamels, across a set of spatial subchannels, across a set of 

15 frequency subchannels and spatial subd\annels., across each frequency 
subchannel, on each modulation symbol, or on some other miit of lime, space, 
and frequency. 

The modulation symbol stream from each encoder /channel 
interleaver/puncturer/ symbol, mapping element 712 may be transmitted on 

20 one or more frequency subchannels and via one or more spatial subchannels of 
each frequency subchannel. A MI MO processor 120y receives the modulation 
symbol streams from elements 712. Depending on the mode to be used for each 
modulation symbol stream, MTMO processor 12fry may demultiplex the 
modulation symbol stream into a number of subchannel symbol streams. Jn the 

25 embodiment shown in HG- 7, modulation symbol stream S t is uarisrnitred on 
one frequency subchannel and modulation symbol stream S K is Iransmitfced on 
L frequency subchannel?;. The modulation stream for each frequency 
subchannel ts processed by a respective subdiannel MIMO processor, 
demultiplexed, and combined in. similar maimer as that described in KEG. 6 io 

30 form a modulation symbol vector for each transmit antenna. 

In general, the transmitter unit codes and modulates data, for each 
transmission channel based on information descriptive of the channel's 
transmission capability. This information is typically in the form of partiai-CSl 
or fuM-CSl described above. The partial or hill-CSl for the transmission 

35 channels to be used for a data transmission is typically determined at the 
receiver unit and reported back to the transmitter unit which then uses the 
information to code and modulate data accordingly. The techniques described 
herein are applicable for multiple parallel transmission channels supported by 
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MIMO, OFDM, or any other communication scheme (e.g., a CDMA scheme) 
capable o£ supporting multiple parallel ttansnwesion channels. 

Demodulation an d Decoding 
5 FIG, 8 is a block diagram, of an embodiment of a decoding portion of 

system 150. For this, embodiment a Turbo encoder is used to encode the data 
prior to transmission. A Turbo decoder is correspondingly used to decode the 
received modtilan'on symbols. 

As shown in FIG. 8, the received modulation symbols ara provided to a 

10 bif log-likelihood ratio fLLR) calcufetion Lsnil I58x, which calculates the LLRs oi 
the bits that makeup each modulation symbol. Since a Turbo decoder operates 
on LLRs (as oppose to bits), bh LLR calculation unit 15Sx provides an LLR for 
each received coded bit. The LLR for each received coded bit is the logarithm 
oi the probability that the received coded bit is a zero divided by the 

15 probabili ty that the received coded bit as a one. 

As described above, M coded hits {b t , b s < ... b M ) are grouped to form a 
single non-binary symbol S, which is then mapped to a modulation symbol T(S) 
<i.e v modulated to a high-order signal constellation). The modulation symbol is 
processed, transmitted, received, and further processed to provide a received 

2D modulation, symbol R{S). The LLR of coded bit ft,,, in the received modulation 
symbol can be computed as^ 

iXKft,) -iJ^^l 



- log(p(i?(S) [ b m » E>)}~ log^CS) j b m - 1}) Eq (2) 

-logf XH^ S >] TO)j]-.lo«f £>(#(S> | TO))] 



where p{lt{3) \ b M - o) is the probability of bit b m being a ^ero based on the 

received symbol R(S>. Approximations may also be used in computing the 
25 LLRs. 

Dc!-puncturer 159 then inserts 'erasures" for code bits that have been 
deleted (he., punctured) at the transmitter. The erasures typically have & value 
of zero ("0"), which is indicative of the punctured bit being equally likely to be a 
zero or a one. 

30 From equation (2), it can be noted that the LLRs for the received coded 

bits within a modulation symbol tend to be correlated^ This correlation can be? 
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broken up by interleaving the coded bits prior to modulation. As shown m 
flG. 1, the channel interleaving advantageously performs the decorrdatiou of 
the coded bite in each modulation symbol. 

The coded bit LLRs are provided to a channel demierleaver 160 and 
5 deinterXeaved in a mariner complementary to the channel interleaving 
performed at the transmitter. The channel deinterleaved LLRs corresponding 
to the received information, tail, and parity bits are then provided to a Turbo 
decoder 162x. 

Turbo decoder 162x includes summers 810a and 810b, decoders 512a and 
10 812b, a code inter leaver S14, a code dernterleaver SI 6, and a detector 818. In an 
embodimeiit, each decoder 812 is implemented as a soft-input /soft-output 
(SlSO) maximum a posterior (MAP) decoder- 

Summer 81 Qa receives and sums the LLKs of die received iufomtation 
bits, LLR(x'), and die extrinsic information from deinterieaver 816 (which is set 
15 to zeros on the first iteration), and provides refined LLRs. Ihe refined LLRs are 
associated with greater confidence in the detected values of. the received 
information bits. 

Decoder 812a receives the refined l,LRs from summer 81 Da and the LLRs 
of the received tail and parity bits from the first constituent encoder , LLR{j/'X 

20 and decodes the received LLRs. to generate extrinsic information indicative of 
corrections in the probability values for the received information bits. The 
extrinsic information from decoder 812a are summed with the received 
information bit LLRs by summer 81 Ob, and the refined LLRs are stored to code 
inferieaver S14 Code interleaver 814 implements the same code interleaving 

25 used at the Turbo encoder (e.g., the same as code interleaver 314 in FIG. 3B). 

Decoder 812b receives the interleaved LLRs from interleaver 814 and the 
TXKs of the received tail and parity bits from the second constituent encoder, 
UM{z% and decodes the received LLRs to generate extrinsic information 
indicative of further corrections in the probability values for the received 

30 information bits. The extrinsic information from decoder 8l2b is stored to code 
demrerleaver 816, which, implements a demtedeaving scheme complementary 
to the interleaving scheme used for mterfeaver 814. 

The decoding of the received coded bit LLRs is iterated a number of 
times. With each iteration, greater confidence is gained for the refined LLRs. 

3!> After all the decoding iterations have been completed, the final refined LLRs 
are provided to detector 818, which provides values for the received 
information bits based on Ihe LLRs. 
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Other types of decoder may also be used beside the SISO MAP decoder 
such as one that implements the soft output Viterfri algorithm (SOVA). The 
design of the decoder is typically dependent on the particular Turbo coding 
scheme used at the transmitter. 
5 Turbo decoding is described in greater detail by Steven S. Pietrobon in a 

paper entitled 'Implementation and Performance of a Turbo/Map Decoder/" 
International Journal of Satellite Communications, Vol. 16, 1998, pp. 23-46, 
which is incorporated herein by reference. 

10 Modulation Scheme and C oding Rate 

The achieved SNR of each transrnission channel supports a particular 
number of information bits per modulation symbol (i.e., a particular 
information bit rate) for a desired level of performance {e.g v 1% PER). This 
information bit rate may be supported by a number of different modulation 

15 schemes- For example, a bit rate of 1.5 information bits/ modulation symbol 
may be supported by QPSK, 6-FSK, 16-QAM, or any higher ordei modulation 
scheme. Each modulation scheme is able to transmit 3. particular number of 
coded hits per modulation symbol. 

Impending tin the selected modulation scheme, a corresponding coding 

20 rate is selected such that the required number of coded bite is provided for the 
number of information bits for each modulation symboL For the shove 
example,. QPSK, 8-FSK, and 16-QAM are respectively able to transmit 2, 3, and 
4 coded bits per modulation symbol. For an information bit rate of 1.5 
information bits/modttlation symbol, coding rates of 3/4, 1/2, and 3/8 are 

25 used to generate the required number of coded bits for QPSK, 8-PSK, and 16- 
QAM, respectively. Thus, different combinations of modulation scheme and 
coding rate may be used to support a particular information bit rate. 

Irt certain embodiments of the invention, a "weak" binary code (he., a 
high coding rate) is used in conjunction with a low-order modulation scheme 

30 for the supported bit rate. Through a series of simulation, it is observed that a 
lower order modulation scheme in combination with a weaker code may offer 
better performance than a higher order modulation scheme with a stronger 
code. This result may be explained as follows. The LLR decoding metrics of 
binary Turbo codes in an AWGM channel is near optimal for the Turbo 

35 decoding algorithm- However, for the Gray mapped high-order modulation 
scheme, the optimal LLK. metrics are generated fox each received modulation 
symbol and not each received bit. The symbol LLR metrics are then broken to 
yield bit LLR metrics for the binary code decoder. Some information, is lost 



(60) 



#^2004-535694 (P2004-535694A) 



29 

during the break-up process, and usirtg tbfe bit decoding metrics may result in 
non-optimal performance. The lower order modulation schemes correspond to 
fewer bits per symbol, which may exper ience less of the break-up loss and 
therefore provide better performance than the higher order modulation scheme 
5 counterpart*. 

In Accordance with an aspect of the invention, in order to achieve certain 
spectrum efficiency, a code with a coding rate of between, and inclusive of, 
n/(n+l) ton/(ri+2) is used with an appropriate modulation scheme, where n is 
the number of information bits per modulation symbol. This coding rate may 
10 be easily achieved with a fixed code {e.g., the rate 1/3 Turbo code described, 
above) in combination with a variable puncturing scheme. To achieve a high 
coding rate,, the tail and parity bits may be heavily punctured and the 
unpunctured tail and parity bits may be evenly distributed over the 
information bits. 

15 

Fra ming 

For many communication systems, it is convenient to define data 
packets {he., logical frames) with fixed sizes. For example, a system may define 
thr ee different packets having sizes of 1024, 2048, and 4096 bits. These defined 
20 data packers simplify some of the processing at bom the transmitter and 
receiver. 

For an OFDM system, a physical frame may be defined to include (1) an 
integer number of OFDM symbols, (2) a particular number of modulation 
symbols on one or more transmission channels, <3> or some other tmifs. As 

25 described above, because of the time-variant nature of the communication link, 
the SMR of the transmission channels may vary over time. Consequently, the 
number of information bits which may be transmitted on each time slot for each 
transmission channel will iikely vary over time, and the number of information 
bite in. each physical frame will also likely vary over time. 

30 In one embodiment, a logical frame is defined such that it is independent 

of the OFDM symbols, hi this embodiment, the information bits for each 
logical frame are encoded /punctured, and the coded bits for the logical frame 
are grouped and mapped to modulation symbols. In one simple 
implementation, the transmission ehaimels are sequentially numbered- The 

35 coded bits are then used to form as many modulation symbols as needed, in the 
sequential order of the transmission channels. A logical frame (Le v a data 
packet) may be defined to start and end at modulation symbol boundaries. In 
this implementation, the logical frame may span, more than one OFDM symbol 
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and may further cross OKDM symbol boundaries. Moreover, each OFDM 
symbol may include coded bits from multiple data packets. 

In another embodiment, a logical frame is defined based on a physical 
■unit. For example, a logical frame may be defined to include (!) a number of 
5 modxtlatkm symbols on one or more transmission channels, (2) one or more 
OHDM symbols, or. (3) a number of modulation symbols defined in some other 
manner. 

The use of punctured binary Turbo code and Gray mapping (BIC-GM) 
for high^rder modulation provides numerous advantages. The BTOGM 

10 scheme is simpler to implement titan the more optimal but more complicated 
Turbo trellis coded modulation (TTCM) scheme, yet can achieve performance 
close to that of TICM. The BTG-GM scheme also provides a high degree of 
flexibility because of the east; of implementing different coding rate by simply 
adjusting the variable pimcturing, The BTC-GM scheme also provides robust 

35 performance under different puncturing parameters. Also, currently available 
binary Turbo decoders may be used, which may simply ihe implementation of 
the receiver. However, in certain embodiments, other coding schemes may also 
be used and are within the scope of the invention. 

The foregoing description of the preferred embodiments is provided to 

20 enable any person skilled in the art to make or use the present invention. 
Various modifications to these embodiments will be readily apparent to those 
skilled in the arh and the generic principles defined herein may be applied to 
other embodiments without the use of the inventive faculty. Thus, the present 
invention is not intended to be limited to the embodiments shown herein but is 

25 to be accorded £he widest scope consistent with the principles and novel 
features disci osed herein. 



WHAT IS CLAIMED IS: 
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CLAIMS 

1. In a wireless communication system, a method for preparing data for 
2 transmission on a plurality of transmission channels, wherein each 

transmission channel is operative to transmit a respective sequence of 
4 modulation symbols, the method comprising: 

determining a number of informal on. bits per modulation symbol 
6 supported by each transmi fusion channel ; 

identifying a modulation scheme for each transmission channel such that 
B the determined mimber of information bits per modulation symbol is 
supported; 

10 determining a coding rate for each transmission channel based at least 

on the determined number of information bits per modulation symbol and the 

12 identified modulation scheme for the transmission. channel, wherein at least 
two transmission channels are associated with different coding rates; 

14 encoding a pluraliiy of information bits in accordance with a particular 
encoding scheme to provide a plurality of coded bite; 

16 puncturing the plurality of coded bits in accordance with a particular 

puncturing scheme to provide a number of urtptmetuied coded bits for the 

15 plurality of transmission channels; and 

adjusting the puncturing to achieve the different coding rates for the at 
20 least two transmission channels. 

2. The method of claim. 1> wherein the wireless comnumicatton system is 
2 a mulripHe-input multiple-output fMIMO) system with a plurality of transmit 

antennas and a pl urality of receive antennas. 

3. The method of claim I- wherein the wireless communication system is 
2 an orthogonal frequency division modulation (OFDM) communication system. 

4. The method of claim 3, wherein the OFDM communication system is 
2 operated as a multiple-input multiple-output ^MIMO) system with a phi ra lily 

of rransrni t antennas and a plurality of receive antennas- 

5. The method of claim 4, wherein the OFDM system is operative to 
2 transmit data on a plurality of frequency subchannels, and wherein each 

transmission channel corresponds to a spatial subchannel of a frequency 
4 subchannel in the OFDM system. 
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6. The method, of claim 1„ wherein the puncturing ss based on 
2 transmission capabilities of the plurality of transmission channels. 

7. The method of claim 6, wherein the trartsmission capabilities are 
2 determined from channel state tnfotmatiort (CS1) derived for the plurality oJf 

transmission channels. 

8. The method of claim 7, wherein the CSI includes signal-to-noise ratio 
2 (SNR) information for the plurality of transmission channels 

9. The method of claim 7, wherein the CS! includes information related 
2 to transmission characteristics from transmit antennas to the receive antennas. 

10. the method of claim 7, wherein the CSX includes eigertmode 
2 mfonrtation related to transmission characteristics from transmit antennas to 

the receive antennas. 

11. The method of claim 6, further comprising: 

2 grouping transmission channels having; similar transmission capabilities 

to segments, and 
4 wherein the ptmcturirtg is performed for each segment 

12. The method of claim 11, further comprising: 

2 assigning a group of coded bite to each segment, and 

wherein the puncturing is performed on the group of coded bits 
4 assigned to each segment. 

13. The method of claim 11, wherein each segment includes 
2 transmission channels having SNR within a particular SNR range. 

14. The method of claim 1, wherein the encoding is achieved via a Turbo 

2 code. 

15. The method of claim 14, wjhereht the encoding provides a plurality 
2 of tail and parity bits for the plurality of information bits, and wherein the 

puncturing is performed on the plurality of tail and pari ry bits. 
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16. The method of claim 14, wherein the puncturing is performed such 
2 that unpunctuted tail, and parity bits are approximately evenly distributed over 

the plurality of information bits. 

17. The method of claim 34, wherein the Turbo code includes two 
2 constituent codes operative to provide two streams of tail and parity hits, and 

wherein the puncturing is performed such that approximately equal number of 
4 {ail and parity bits are deleted from the two streams of tail and parity biLs< 

18. The method of claim 1, wherein the coding rate for each 
2 transmission channel is selected to be between, and inclusive of, n/(mT) and 

n/{n+2), where n is the number of information bits per modulation symbol 
4 supported by the transnusskm channel. 

19. The method of claim 1, wherein the coding rate for each 
2 transmission channel is 3. /2 or higher. 

20. The method of claim 1, wherein the encoding is aehfeved via a 
2 convolutiortal code. 

21. The method of claim 1, wherein the encoding is achieved via a block 

2 code. 

22. The method of claim 1, further comprising; 

2 inserting padding bits to fiU available but unfilled bit positions in the 

plurality of transmission channels. 

23. The method of claim 1, further comprising: 

2 repeating at least some of Lhe coded bits to fill available but unfilled bit 

positions in the plurality of transmission channels. 

24. The method of claim 1, further comprising^ 
2 interleaving the plurality of coded bits. 

25. The method of claim 24, wherein the puncturing is performed on 
2 interleaved coded bits. 
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26. The method of claim 24, wherein the encoding is achieved via a 
2 Turbo code comprised of two constituent codes, and wherein the plurality of 

information bits, a plurality of tail and parity bits from a first constituent code, 
4 $nd a plurality of tail and parity bits from a second constituent code are 
separately interleaved. 

27. The method of claim 1, further comprising: 

2 forming non-binary symbols for the plurality of transmission channels, 

wherein each non-binary symbol includes a group of unpynctured coded bits; 
4 and 

mapping each non-binary symbol to a respective modulation symbol. 

28. The method of claim 27 ', further comprising: 
2 interleaving the plurality of coded bits, and 

wherein the non-binary symbols are formed from the interleaved coded 

4- bite. 

29. The method of claim 27, wherein the modulation scheme for each 
2 transmission chamiei i£ associated with a respective signal constellation having 

a plurality of points, and wherein each modulation symbol is representative of 
4 a particular point in rl \e signal constellation for the modulation scheme, 

30. The method of claim 2% wherein the plurality of points in each 
2 signal constellation are assigned with values based on a particular Gray 

mapping scheme. 

31. The method of claim 30 r wherein the values are assigned to the 
2 plurality of points in each signal constellation such that values for adjacent 

points in the signal constellation differ by one bit position. 

32. The method of claim 1, further comprising: 

2 adapting to d^anges in the plurality of transmission channels by 

repeating the determining the number of information bits per modulation 

4 symbol, tite identifying the modulation scheme, and the determining the 
coding rate. 
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33. The method of claim 1, wherein the modulation scheme for each 
2 transmission channel supports transmission of two or more coded bite pef 

modulation symbol. 

34. The method of claim ]., wherein lhe transmission on the plurality of 
2 fransmlssion channels are intended for a single recipient receiving device. 

35. In an orthogonal frequency division modulation (OFDM) 
2 communication system, a method for preparing data for transmission on a 

plurality of transmission channels, wherein each transmission channel is 
4 operative to trairsmit a respective sequence of modulation symbols, the method 
comprising: 

6 determining a number of information bits per modulation symbol 

supported by each transmission channel; 
8 identifying a modulation scheme for each transmission channel such that 

the determined number of information bits per modulation symbol is 
10 supported; 

determining a coding rate for each transmission channel based at least 
12 on the determined number of information bits per modulation symbol and the 
identified modulation scheme for the transmission channel, wherein at least 

14 two transmission channels are associated with different coding rates; 

encoding a plurality of information bits in accordance with a particular 
16 Turbo code to provide a plurality of tail and parity bits; 

interleaving the plurality of infommtion and tail and parity bits in 

15 accordance with a particular interleaving scheme; 

puncturing the plurality of interleaved bits in accordance with a 
20 particular puncturing scheme to provide a number of unpunctured coded bits 
for Ute plurality of transmission charmeEs, wherein the puncturing is adjusted to 
22 achieve the different coding rates for the at least two transmission channels; 

forming non-binary symbols for the plurality of transmission channels, 
24 wherein each non-binary symbol includes a group of unpunctured coded bits; 
and 

26 mapping each non-binary symbol to a respective modulation symbol. 

36. A wireless commimication system operative to transmit data on a 
2 plurality of transmission channels, wherein each transmission channel is used 

to transmit a respective sequence of modulation symbols, the system 
4 comprising; 
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an encoder configured to encode a plurality of information bits in 
6 accordance with a particular encoding scheme to provide a plurality of coded 
bits, and to puncture the plurality of coded bits m accordance wim a particular 

5 puncturing scheme to provide a number of unpuneuircd coded bils for the 
plurality Of transmission channels, wherein each transmission d^araiel is 

10 capable of transmitting a particular number of information bits per modulation 

symbol via a particular modulation scheme selected for the trarismission 
12 channel, wherein each trarusmisaion channel is further assodated with a 

particular coding rate based at least on the number of information bits per 
14 modulation symbol supported by the transmission channel and its modulation 

scheme, wherein at least two transmission channels are associated with 
1.6 different coding rates, and wherein the encoder is further configured to adjust 

the puncturing to achieve the different coding rates for the at least two 
IB transmission channels. 

37. The system of claim 36, further comprising: 
2 a channel interleaves coupled to the encoder and configured to 

interleave the plurality of coded hits,, and 
4 wherein the encoder is configured to puncture the interleaved bils. 

33, The system of claim 37, further comprising: 
2 a symbol mapping element coupled to the channel inter leaver and 

configured to form non-binary symbols for the plurality of transmission 
4 channels, and to map each non-binary symbol to a respective modulation 

symbol., wherein each non-binary symbol includes a group of un punctured 

6 coded bits. 

39. The system of claim 38, further comprising: 
2 a signal processor coupled. to the symbol mapping element and 

configured to pre-condition the modulation symbols for the plurality of 
4 transmission channels to implement a multiple-mput multiple-output (MIMO) 

transmission. 
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CODING SCHEME FOR A WIRELESS COMMUNICATION 

SYSTEM 

BACKGROUND 

5 

I. Field 

The present invention relates to data communication. More particularly, 
the present invention relates to a novel, flexible, and efficient coding scheme for 
10 encoding data for transmission on multiple transmission channels with 
different transmission capabilities. 

II. Description of the Related Art 

15 Wireless communication systems are widely deployed to provide 

various types of communication such as voice, data, and so on. These systems 
may be based on code division multiple access (CDMA), time division multiple 
access (TDMA), orthogonal frequency division modulation (OFDM), or some 
other modulation techniques. OFDM systems may provide high performance 

20 for some channel environments. 

In an OFDM system, the operating frequency band is effectively 
partitioned into a number of "frequency subchannels", or frequency bins. Each 
subchannel is associated with a respective subcarrier upon which data is 
modulated, and may be viewed as an independent "transmission channel". 

25 Typically,, the data to be transmitted (i.e., the information bits) is encoded with 
a particular coding scheme to generate coded bits. For a high-order 
modulation scheme (e.g., QPSK, QAM, and so on), the coded bits are grouped 
into non-binary symbols that are then used to modulate the subcarriers. 

The frequency subchannels of an OFDM system may experience 

30 different link conditions (e.g., different fading and multipath effects) and may 
achieve different signal-to-noise-plus-interference ratio (SNR). Consequently, 
the number of information bits per modulation symbol (i.e., the information bit 
rate) that may be transmitted on each subchannel for a particular level of 
performance may be different from subchannel to subchannel. Moreover, the 

35 link conditions typically vary with time. As a result, the supported bit rates for 
the subchannels also vary with time. 

The different transmission capabilities of the frequency subchannels plus 
the time-variant nature of the capabilities make it challenging to provide an 
effective coding scheme capable of encoding the supported number of 
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information bits/ modulation symbol to provide the required coded bits for the . 
subchannels. 

Accordingly, a high performance, efficient, and flexible coding scheme 
that may be used to encode data for transmission on multiple subchannels with 
5 different transmission capabilities is highly desirable. 

SUMMARY 

Various aspects of the present invention provides efficient and effective 

10 coding techniques for a communication system capable of transmitting data on 
a number of "transmission channels" at different information bit rates based on 
the channels' achieved SNR. A number of coding/ puncturing schemes may be 
used to generate the required coded bits (i.e., the information, tail, and parity 
bits, if a Turbo code is used). In a first coding /puncturing scheme, a particular 

15 base code and common puncturing is used for all transmission channels (e.g., 
all frequency subchannels in an OFDM system, or spatial subchannels of all 
frequency subchannels in an OFDM system with multiple input/ multiple 
output antennas (MIMO), as described below). In a second coding/puncturing 
scheme, the same base code but variable puncturing is used for the 

20 transmission channels. The variable puncturing can be used to provide 
different coding rates for the transmission channels. The coding rate for each 
transmission channel is dependent on the information bit rate and the 
modulation scheme selected for the channel. 

An embodiment of the invention provides a method for preparing data 

25 for transmission on a number of transmission channels in a communication 
system, e.g., an orthogonal frequency division modulation (OFDM) system. 
Each transmission channel is operable to transmit a respective sequence of 
modulation symbols. In accordance with the method, the number of 
information bits per modulation symbol supported by each transmission 

30 channel is determined (e.g., based on the channel's SNR). A modulation 
scheme is then identified for each transmission channel such that the 
determined number of information bits per modulation symbol is supported. 
Based on the supported number of information bits per modulation symbol and 
the identified modulation scheme, the coding rate for each transmission 

35 channel is determined. At least two transmission channels are associated with 
different coding rates because of different transmission capabilities. 

Thereafter, a number of information bits is encoded in accordance with a 
particular encoding scheme to provide a number of coded bits. If a Turbo code 
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is used, a number of tail and parity bits are generated for the information bits 
(the coded bits include the information bits, tail bits, and parity bits). The 
coded bits may be interleaved in accordance with a particular interleaving 
scheme. For ease of implementation, the interleaving may be performed prior 
5 to puncturing. The coded bits (e.g., the tail and parity bits, if a Turbo code is 
used) are then punctured in accordance with a particular puncturing scheme to 
provide a number of unpunctured coded bits for the transmission channels. 
The puncturing is adjusted to achieve different coding rates needed by the 
transmission channels. As an alternative, the puncturing may also be 

10 performed prior to interleaving. 

Non-binary symbols are then formed for the transmission channels. 
Each non-binary symbol includes a group of interleaved and unpunctured 
coded bits and is mapped a respective modulation symbol. The specific 
number of coded bits in each non-binary symbol is dependent on the channel's 

15 modulation scheme. For a multiple-input multiple-output (MIMO) system 
capable of transmitting on a number of spatial subchannels for each frequency 
subchannel, the modulation symbols for each frequency subchannel may be 
pre-conditioned prior to transmission, as described below. 

The invention provides methods and system elements that implement 

20 various aspects, embodiments, and features of the invention, as described in 
further detail below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 The features, nature, and advantages of the present invention will 

become more apparent from the detailed description set forth below when 
taken in conjunction with the drawings in which like reference characters 
identify correspondingly throughout and wherein: 

FIG. 1 is a diagram of a multiple-input multiple-output (MIMO) 
30 communication system capable of implementing various aspects and 
embodiments of the invention; 

FIG. 2 is a diagram that graphically illustrates an OFDM transmission 
from one of N T transmit antennas in the MIMO system; 

FIGS. 3A and 3B are diagrams of a parallel concatenated convolutional 
35 encoder; 

FIG. 3C is a diagram of an embodiment of a puncturer and multiplexer, 
which may be used to provide variable puncturing of coded bits; 
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FIGS. 4A and 4B are flow diagrams of two coding/ puncturing schemes 
for generating the required coded bits for a data transmission, which utilize a 
particular base code but common and variable puncturing schemes, 
respectively; 

5 FIG. 5 is a diagram of a signal constellation for 16-QAM and a specific 

Gray mapping scheme; 

FIG. 6 is a block diagram of an embodiment of a MIMO processor; 
FIG. 7 is a block diagram of an embodiment of a system capable of 
providing different processing for different transmissions; and 
10 FIG. 8 is a block diagram of an embodiment of the decoding portion of a 

receiving system. 

DETAILED DESCRIPTION OF THE SPECIFIC EMBODIMENTS 



15 FIG. 1 is a diagram of a multiple-input multiple-output (MIMO) 

communication system 100 capable of implementing various aspects and 
embodiments of the invention. Communication system 100 can be designed to 
implement the coding schemes described herein. System 100 can further be 
operated to employ a combination of antenna, frequency, and temporal 

20 diversity to increase spectral efficiency, improve performance, and enhance 
flexibility. Increased spectral efficiency is characterized by the ability to 
transmit more bits per second per Hertz (bps/Hz) when and where possible to 
better utilize the available system bandwidth. Improved performance may be 
quantified, for example, by a lower bit-error-rate (BER) or frame-error-rate 

25 (FER) for a given link signal-to-noise-plus-interference ratio (SNR). And 
enhanced flexibility is characterized by the ability to accommodate multiple 
users having different and typically disparate requirements. These goals may 
be achieved, in part, by employing a high performance and efficient coding 
scheme, multi-carrier modulation, time division multiplexing (TDM), multiple 

30 transmit and /or receive antennas, other techniques, or a combination thereof. 
The features, aspects, and advantages of the invention are described in further 
detail below. 

As shown in FIG. 1, communication system 100 includes a first system 
110 in communication with a second system 150. Within system 110, a data 
35 source 112 provides data (i.e., information bits) to an encoder 114 that encodes 
the data in accordance with a particular coding scheme. The encoding 
increases the reliability of the data transmission. The coded bits are then 
provided to a channel interleaver 116 and interleaved (i.e., reordered) in 
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accordance with a particular interleaving scheme. The interleaving provides 
time and frequency diversity for the coded bits, permits the data to be 
transmitted based on an average SNR for the subchannels used for the data 
transmission, combats fading, and further removes correlation between coded 
5 bits used to form each modulation symbol, as described below. The interleaved 
bits are then punctured (i.e., deleted) to provide the required number of coded 
bits. The encoding, channel interleaving, and puncturing are described in 
further detail below. The unpunctured coded bits are then provided to a 
symbol mapping element 118. 

10 In an OFDM system, the operating frequency band is effectively 

partitioned into a number of "frequency subchannels" (i.e., frequency bins). At 
each "time slot" (i.e., a particular time interval that may be dependent on the 
bandwidth of the frequency subchannel), a "modulation symbol" may be 
transmitted on each frequency subchannel. As described in further detail 

15 below, the OFDM system may be operated in a MIMO mode in which multiple 
(N T ) transmit antennas and multiple (N R ) receive antennas are used for a data 
transmission. The MIMO channel may be decomposed into N c independent 
channels, with N c < N T and N c < N R . Each of the N c independent channels is 
also referred to as a "spatial subchannel" of the MIMO channel, which 

20 corresponds to a dimension. In the MIMO mode, increased dimensionality is 
achieved and N c modulation symbols may be transmitted on N c spatial 
subchannels of each frequency subchannel at each time slot. In an OFDM 
system not operated in the MIMO mode, there is only one spatial subchannel. 
Each frequency subchannel /spatial subchannel may also be referred to as a 

25 "transmission channel". The MIMO mode and spatial subchannel are described 
in further detail below. 

The number of information bits that may be transmitted for each 
modulation symbol for a particular level of performance is dependent on the 
SNR of the transmission channel. For each transmission channel, symbol 

30 mapping element 118 groups a set of unpunctured coded bits to form a non- 
binary symbol for that transmission channel. The non-binary symbol is then 
mapped to a modulation symbol, which represents a point in a signal 
constellation corresponding to the modulation scheme selected for the 
transmission channel. The bit grouping and symbol mapping are performed 

35 for all transmission channels, and for each time slot used for data transmission. 
The modulation symbols for all transmission channels are then provided to a 
MIMO processor 120. 
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Depending on the particular "spatial" diversity being implemented (if 
any), MIMO processor 120 may demultiplex, pre-condition, and combine the 
received modulation symbols. The MIMO processing is described in further 
detail below. For each transmit antenna, MIMO processor 120 provides a 
5 stream of modulation symbol vectors, one vector for each time slot. Each 
modulation symbol vector includes the modulation symbols for all frequency 
subchannels for a given time slot. Each stream of modulation symbol vectors is 
received and modulated by a respective modulator (MOD) 122, and 
transmitted via an associated antenna 124. 

10 In the embodiment shown in FIG. 1, receiving system 150 includes a 

number of receive antennas 152 that receive the transmitted signals and 
provide the received signals to respective demodulators (DEMOD) 154. Each 
demodulator 154 performs processing complementary to that performed at 
modulator 122. The demodulated symbols from all demodulators 154 are 

15 provided to a MIMO processor 156 and processed in a complementary manner 
as that performed at MIMO processor 120. The received symbols for the 
transmission channels are then provided to a bit calculation unit 158 that 
performs processing complementary to that performed by symbol mapping 
element 118 and provides values indicative of the received bits. Erasures (e.g., 

20 zero value indicatives) are then inserted by a de-puncturer 159 for coded bits 
punctured at system 110. The de-punctured values are then deinterleaved by a 
channel deinterleaver 160 and further decoded by a decoder 162 to generate 
decoded bits, which are then provided to a data sink 164. The channel 
deinterleaving, de-puncturing, and decoding are complementary to the channel 

25 interleaving, puncturing, and encoding performed at the transmitter. 

FIG. 2 is a diagram that graphically illustrates an OFDM transmission 
from one of N T transmit antennas in a MIMO system. In FIG. 2, the horizontal 
axis represents time and the vertical axis represents frequency. In this specific 
example, the transmission channel includes 16 frequency subchannels and is 

30 used to transmit a sequence of OFDM symbols, with each OFDM symbol 
covering all 16 frequency subchannels. A time division multiplexing (TDM) 
structure is also illustrated in which the data transmission is partitioned into 
time slots, with each time slot having a particular duration. For the example 
shown in FIG. 2, the time slot is equal to the length of one modulation symbol. 

35 The available frequency subchannels may be used to transmit signaling, 

voice, packet data, and so on. In the specific example shown in FIG. 2, the 
modulation symbol at time slot 1 corresponds to pilot data, which may be 
periodically transmitted to assist the receiver units synchronize and perform 
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channel estimation. Other techniques for distributing pilot data over time and 
frequency may also be used. Transmission of the pilot modulation symbol 
typically occurs at a particular rate, which is usually selected to be fast enough 
to permit accurate tracking of variations in the communication link. 
5 The time slots not used for pilot transmissions can be used to transmit 

various types of data. For example, frequency subchannels 1 and 2 may be 
reserved for the transmission of control and broadcast data to the receiver 
units. The data on these subchannels is generally intended to be received by all 
receiver units. However, some of the messages on the control channel may be 

10 user specific, and may be encoded accordingly. 

Voice data and packet data may be transmitted in the remaining 
frequency subchannels. For the example shown, subchannel 3 at time slots 2 
through 9 is used for voice call 1, subchannel 4 at time slots 2 through 9 is used 
for voice call 2, subchannel 5 at time slots 5 through 9 is used for voice call 3, 

15 and subchannel 6 at time slots 7 through 9 is used for voice call 5. 

The remaining available frequency subchannels and time slots may be 
used for transmissions of traffic data. A particular data transmission may occur 
over multiple subchannels and/or multiple time slots, and multiple data 
transmissions may occur within any particular time slot. A data transmission 

20 may also occur over non-contiguous time slots. 

In the example shown in FIG. 2, data 1 transmission uses frequency 
subchannels 5 through 16 at time slot 2 and subchannels 7 through 16 at time 
slot 7, data 2 transmission uses subchannels 5 through 16 at time slots 3 and 4 
and subchannels 6 through 16 at time slots 5, data 3 transmission uses 

25 subchannels 6 through 16 at time slot 6, data 4 transmission uses subchannels 7 
through 16 at time slot 8, data 5 transmission uses subchannels 7 through 11 at 
time slot 9, and data 6 transmission uses subchannels 12 through 16 at time slot 
9. Data 1 through 6 transmissions can represent transmissions of traffic data to 
one or more receiver units. 

30 To provide the transmission flexibility and achieve high performance 

and efficiency, each frequency subchannel at each time slot for each transmit 
antenna may be viewed as an independent unit of transmission (a modulation 
symbol) that may be used to transmit any type of data such as pilot, signaling, 
broadcast, voice, traffic data, some other data type, or a combination thereof. 

35 Flexibility, performance, and efficiency may further be achieved by allowing for 
independence among the modulation symbols, as described below. For 
example, each modulation symbol may be generated from a modulation 
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scheme (e.g., M-PSK, M-QAM, or some other scheme) that results in the best 
use of the resource at that particular time, frequency, and space. 

MIMO System 

5 In a terrestrial communications system (e.g., a cellular system, a 

broadcast system, a multi-channel multi-point distribution system (MMDS) 
system, and others), an RF modulated signal from a transmitter unit may reach 
the receiver unit via a number of transmission paths. The characteristics of the 
transmission paths typically vary over time due to a number of factors. If more 

10 than one transmit or receive antenna is used, and if the transmission paths 
between the transmit and receive antennas are linearly independent (i.e., one 
transmission is not formed as a linear combination of the other transmissions), 
which is generally true to at least an extent, then the likelihood of correctly 
receiving the transmitted signal increases as the number of antennas increases. 

15 Generally, as the number of transmit and receive antennas increases, diversity 
increases and performance improves. 

A MIMO communication system such as the one shown in FIG. 1 
employs antennas at both the transmit and receive ends of the communication 
link. These transmit and receive antennas may be used to provide various 

20 forms of "spatial diversity", including "transmit" diversity and "receive" 
diversity. Spatial diversity is characterized by the use of multiple transmit 
antennas and one or more receive antennas. Transmit diversity is characterized 
by the transmission of data over multiple transmit antennas. Typically, 
additional processing is performed on the data transmitted from the transmit 

25 antennas to achieved the desired diversity. For example, the data transmitted 
from different transmit antennas may be delayed or reordered in time, coded 
and interleaved across the available transmit antennas, and so on. Receive 
diversity is characterized by the reception of the transmitted signals on 
multiple receive antennas, and diversity is achieved by simply receiving the 

30 signals via different signal paths. 

Spatial diversity may be used to improve the reliability of the 
communication link with or without increasing the link capacity. This may be 
achieved by transmitting or receiving data over multiple paths via multiple 
antennas. Spatial diversity may be dynamically selected based on the 

35 characteristics of the communication link to provide the required performance. 
For example, higher degree of spatial diversity may be provided for some types 
of communication (e.g., signaling), for some types of services (e.g., voice), for 
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some communication link characteristics (e.g., low SNR), or for some other 
conditions or considerations. 

The data may be transmitted from multiple antennas and /or on multiple 
frequency subchannels to obtain the desired diversity. For example, data may 
5 be transmitted on: (1) one subchannel from one antenna, (2) one subchannel 
(e.g., subchannel 1) from multiple antennas, (3) one subchannel from all N T 
antennas, (4) a set of subchannels (e.g., subchannels 1 and 2) from one antenna, 
(5), a set of subchannels from multiple antennas, (6) a set of subchannels from 
all N T antennas, or (7) a set of channels from a set of antennas (e.g., subchannel 

10 1 from antennas 1 and 2 at one time slot, subchannels 1 and 2 from antenna 2 at 
another time slot, and so on). Thus, any combination of subchannels and 
antennas may be used to provide antenna and frequency diversity. 

In the MEMO communication system, the multi-input multi-output 
channel can be decomposed into a set of N c independent spatial subchannels. 

15 The number of such spatial subchannels is less than or equal to the lesser of the 
number of the transmitting antennas and the number of receiving antennas 
(i.e., N c < N T and N c < N R ). If H is the N R x N T matrix that gives the channel 
response for the N T transmit antennas and the N R receive antennas at a specific 
time, and x is the N T -vector inputs to the channel, then the received signal can 

20 be expressed as: 

y = Hx + n , 

where n is an N R -vector representing noise plus interference. In one 
embodiment, the eigenvector decomposition of the Hermitian matrix formed 
by the product of the channel matrix with its conjugate-transpose can be 
25 expressed as: 

H*H = EAE* , 

where the symbol "*" denotes conjugate-transpose, E is the eigenvector matrix, 
and A is a diagonal matrix of eigenvalues, both of dimension N 1 xN T . 

The transmitter converts (i.e., pre-conditions) a set of N T modulation 
30 symbols b using the eigenvector matrix E. The transmitted modulation 
symbols from the N T transmit antennas can be expressed as: 

x = Eb . 

For all antennas, the pre-conditioning of the modulation symbols can be 
achieved by a matrix multiply operation expressed as: 
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where b 2 , . . . and b NT are respectively the modulation symbols for a particular 

frequency subchannel at transmit antennas 1, 2, . . . N T , where each 
modulation symbol can be generated using, for example, M-PSK, 
M-QAM, and so on, as described below; 

E = is the eigenvector matrix related to the transmission characteristics 
from transmit antennas to the receive antennas; and 

x„ x 2 , ... are the pre-conditioned modulation symbols, which can be 
expressed as: 



x l =b r e u +b 2 -e 12 + ... +b Nji 



e 



x 2 = b x -e 21 + b 2 -e 22 + ... -f b Nj , -e 2Nr , and 

X Nt ~ ^1 ' e N T \ + ^2 * e N T 2 + — + t>N T * e N T N T * 



The received signal may be expressed as: 
y = HEb + n . 

15 The receiver performs a channel-matched-filter operation, followed by 
multiplication by the right eigenvectors. The result of the channel-matched- 
filter operation is the vector z, which can be expressed as: 



z = £*H*H£b + E TETn = Ab + n , 



20 



where the new noise term has covariance that can be expressed as: 



E(M*) = E(E*H*rmW£) = ETIL'tlE = A , 



i.e., the noise components are independent and have variance given by the 
eigenvalues. The SNR of the i to component of z is A t , the i* diagonal element of 

A. 

An embodiment of the MIMO processing is described in further detail 
25 below and in U.S Patent Application Serial No. 09/532,491, entitled "HIGH 
EFFICIENCY, HIGH PERFORMANCE COMMUNICATIONS SYSTEM 
EMPLOYING MULTI-CARRIER MODULATION," filed March 22, 2000, 
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assigned to the assignee of the present application and incorporated herein by 
reference. 

Each of the N c spatial subchannels in the MIMO channel as described in 
the above embodiment is also referred to as an eigenmode if these channels are 
5 independent of each other. For the MIMO mode, one modulation symbol can 
be transmitted on each of the eigenmodes in each frequency subchannel. Since 
the SNR may be different for each eigenmode, the number of bits that may be 
transmitted over each eigenmode may also be different. As noted above, each 
eigenmode of each frequency subchannel is also referred to as a transmission 
10 channel. 

In other embodiments, the spatial subchannels can be created differently. 
For example, a spatial subchannel can be defined as the transmissions from one 
transmitter antenna to all of the receiver antennas. 

As used herein, the MIMO mode includes full channel state information 

15 (full-CSI) and partial-CSI processing modes. For both full-CSI and partial-CSI, 
additional transmission paths are provided via spatially separable subchannels. 
Full-CSI processing utilizes eigenmodes, as described above. Partial-CSI 
processing does not utilize eigenmodes, and may involve providing to the 
transmitter unit (e.g., via feeding back on the reverse link) the SNR for each 

20 transmission channel (i.e., receive diversity port), and coding accordingly based 
on the received SNR. 

A number of formulations may be utilized at the receiver unit to provide 
the requisite information for partial-CSI, including linear and non-linear forms 
of zero-forcing, channel correlation matrix inversion (CCMI), and minimum 

25 mean square error (MMSE), as is known in the art. For example, the derivation 
of SNRs for a non-linear zero-forcing (partial-CSI) MIMO case is described by 
P.W. Wolniansky et ah in a paper entitled "V-BLAST: An Architecture for 
Realizing Very High Data Rates Over the Rich-Scattering Wireless Channel," 
Proc. IEEE ISSSE-98, Pisa, Italy, Sept. 30, 1998, and incorporated herein by 

30 reference. The eigenvalues from a MIMO formulation are related to the SNRs 
of the eigenmodes for the full-CSI case. Non-MIMO cases can use an 
assortment of methods, as is known in the art. 

Each transmission channel is associated with a SNR that may be known 
to both the transmitter and receiver. In this case, the modulation and coding 

35 parameters of each modulation symbol can be determined based on the SNR of 
the corresponding transmission channel. This allows for efficient use of the 
available frequency subchannels and eigenmodes. 
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Table 1 lists the number of information bits that may be transmitted in 
each modulation symbol for a particular level of performance (e.g., 1% frame- 
error rate, or % FER) for various SNR ranges. For each SNR range, Table 1 also 
lists a particular modulation scheme selected for use with that SNR range, the 
5 number of coded bits that may be transmitted for each modulation symbol for 
the selected modulation scheme, and the coding rate used to obtain the 
required number of coded bits /modulation symbol given the supported 
number of information bits /modulation symbol. 

Table 1 lists one combination of modulation scheme and coding rate for 

10 each SNR range. The supported bit rate for each transmission channel may be 
achieved using any one of a number of possible combinations of coding rate 
and modulation scheme. For example, one information bit per symbol may be 
achieved using (1) a coding rate of 1 /2 and QPSK modulation, (2) a coding rate 
of 1/3 and 8-PSK modulation, (3) a coding rate of 1/4 and 16-QAM, or (4) some 

15 other combination of coding rate and modulation scheme. In Table 1, QPSK, 
16-QAM, and 64-QAM are used for the listed SNR ranges. Other modulation 
schemes such as 8-PSK, 32-QAM, 128-QAM, and so on, may also be employed 
and are within the scope of the invention. 



Table 1 



SNR 


# of Information 


Modulation 


# of Coded 


Coding Rate 


Range 


Bits/Symbol 


Symbol 


Bits/Symbol 




1.5-4.4 


1 


QPSK 


2 


1/2 


4.4 - 6.4 


1.5 


QPSK 


2 


3/4 


6.4 - 8.35 


2 


16-QAM 


4 


1/2 


8.35 - 10.4 


2.5 


16-QAM 


4 


5/8 


10.4-12.3 


3 


16-QAM 


4 


3/4 


12.3-14.15 


3.5 


64-QAM 


6 


7/12 


14.15 - 15.55 


4 


64-QAM 


6 


2/3 


15.55 - 17.35 


4.5 


64-QAM 


6 


3/4 


> 17.35 


5 


64-QAM 


6 


5/6 



20 

For clarity, various aspects of the invention are described for an OFDM 
system and, in many instances, for an OFDM system operating in a MIMO 
mode. However, the encoding and processing techniques described herein 
may generally be applied to various communication systems such as, for 
25 example, (1) an OFDM system operating without MIMO, (2) a MIMO system 
operating without OFDM (i.e., operating based on a single frequency 
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subchannel, i.e., a single RF carrier, but multiple spatial subchannels), (3) a 
MIMO system operating with OFDM, and (4) others. OFDM is simply one 
technique for subdividing a wideband channel into a number of orthogonal 
frequency subchannels. 

5 

Encoding 

FIG. 3A is a block diagram of an embodiment of a parallel concatenated 
convolutional encoder 114x, which is often referred to as a Turbo encoder. 
Turbo encoder 114x represents one implementation of the forward error 

10 correction (FEC) portion of encoder 114 in FIG. 1 and may be used to encode 
data for transmission over one or more transmission channels. 

The encoding within encoder 114 may include error correction coding or 
error detection coding, or both, which are used to increase the reliability of the 
link. The encoding may include, for example, cyclic redundancy check (CRC) 

15 coding, convolutional coding, Turbo coding, Trellis coding, block coding (e.g., 
Reed-Solomon coding), other types of coding, or a combination thereof. For a 
wireless commiuii ca ti on system, a packet of data may be initially encoded with 
a particular CRC code, and the CRC bits are appended to the data packet. 
Additional overhead bits may also be appended to the data packet to form a 

20 formatted data packet, which is then encoded with a convolutional or Turbo 
code. As used herein, "information bits 1 ' refer to bits provided to the 
convolutional or Turbo encoder, including transmitted data bits and bits used 
to provide error detection or correction capability for the transmitted bits. 

As shown in FIG. 3 A, Turbo encoder 114x includes two constituent 

25 encoders 312a and 312b, and a code interleaver 314. Constituent encoder 312a 
receives and encodes the information bits, x, in accordance with a first 
constituent code to generate a first sequence of tail and parity bits, y. Code 
interleaver 314 receives and interleaves the information bits in accordance with 
a particular interleaving scheme. Constituent encoder 312b receives and 

30 encodes the interleaved bits in accordance with a second constituent code to 
generate a second sequence of tail and parity bits, z. The information bits, tail 
bits, and parity bits from encoders 312a and 312b are provided to the next 
processing element (channel interleaver 116). 

FIG. 3B is a diagram of an embodiment of a Turbo encoder 114y, which 

35 is one implementation of Turbo encoder 114x and may also be used within 
encoder 114 in FIG. 1. In this example, Turbo encoder 114y is a rate 1/3 
encoder that provides two parity bits, y and z, for each information bit x. 
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In the embodiment shown in FIG. 3B, each constituent encoder 322 of 
Turbo encoder 114y implements the following transfer function for the 
constituent code: 



G(£>) = 



j n(D) 
d(D) 



5 where 



n(D) = lfD + 2) 3 , and 
d(D)=l + D 2 +D 3 

Other constituent codes may also be used and are within the scope of the 
invention. 

Each constituent encoder 322 includes a number of series coupled delay 

10 elements 332, a number of modulo-2 adders 334, and a switch 336. Initially, the 
states of delay elements 332 are set to zeros and switch 336 is in the up position. 
Then, for each information bit in a data packet, adder 334a performs modulo-2 
addition of the information bit with the output bit from adder 334c and 
provides the result to delay element 332a. Adder 334b receives and performs 

15 modulo-2 addition of the bits from adder 334a and delay elements 332a and 
332c, and provides the parity bit y. Adder 334c performs modulo-2 addition of 
the bits from delay elements 332b and 332c. 

After all N information bits in the data packet have been encoded, switch 
336 is moved to the down position and three zero ( M 0") bits are provided to the 

20 constituent encoder 322a. Constituent encoder 322a then encodes the three 
zero bits and provides three tail systematic bits and three tail parity bits. 

For each packet of N information bits, constituent encoder 322a provides 
N information bits x, the first three tail systematic bits, N parity bits y, and the 
first three tail parity bits, and constituent encoder 322b provides the second 

25 three tail systematic bits, N parity bits z, and the last three tail parity bits. For 
each packet, encoder 114y provides N information bits, six tail systematic bits, 
N+3 parity bits from encoder 322a, and N+3 parity bits from encoder 322b. 

Code interleaver 314 may implement any one of a number of 
interleaving schemes. In one specific interleaving scheme, the N information 

30 bits in the packet are written, by row, into a 2 5 -row by 2 n -column array, where n 
is the smallest integer such that N < 2 5+n . The rows are then shuffled according 
to a bit-reversal rule. For example, row 1 ("00001") is swapped with row 16 
("10000"), row 3 ("00011") is swapped with row 24 ("11000"), and so on. The bits 
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within each row are then permutated (i.e v rearranged) according to a row- 
specific linear congruential sequence (LCS). The LCS for row k may be defined 
as x k (i+l) = {x k (i) + c k } mod 2 n , where i = 0, 1, . 2 n -l, x k (0) = c k , and c k is a specific 
value selected for each row and is further dependent on the value for n. For 
5 permutation in each row, the i* 1 bit in the row is placed in location x(i). The bits 
in code interleaver 314 are then read out by column. 

The above LCS code interleaving scheme is described in further detail in 
commonly assigned U.S. Patent Application Serial No. 09/205,511, entitled 
"TURBO CODE INTERLEAVER USING LINEAR CONGRUENTIAL 
10 SEQUENCES/ 7 filed December 4, 1998, and in a document entitled ,, CS0002-A~ 
1 Physical Layer Standard for cdma2000 Spread Spectrum Systems" (hereinafter 
referred to as the cdma2000 standard), both of which are incorporated herein 
by reference. 

Other code interleaver may also be used and are within the scope of the 
15 invention. For example, a random interleaver or a symmetrical-random (S- 
random) interleaver may also be used instead of the linear congruential 
sequence interleaver described above. 

For clarity, the data coding is specifically described based on a Turbo 
code. Other coding schemes may also be used and are within the scope of the 
20 invention. For example, the data may be coded with a convolutional code, a 
block code, a concatenated code comprised of a combination of block, 
convolutional, and /or Turbo codes, or some other code. The data may be 
coded in accordance with a "base" code, and the coded bits may thereafter be 
processed (e.g., punctured) based on the capabilities of the transmission 
25 channels used to transmit the data. 

Channel Interleaving 

Referring back to FIG. 1, the coded bits from encoder 114 are interleaved 
by channel interleaver 116 to provide temporal and frequency diversity against 

30 deleterious path effects (e.g., fading). Moreover, since coded bits are 
subsequently grouped together to form non-binary symbols that are then 
mapped to modulation symbols, the interleaving further ensures that the coded 
bits that form each modulation symbol are not located close to each other 
(temporally). For static additive white Gaussian noise (AWGN) channels, the 

35 channel interleaving is less critical when a Turbo encoder is also employed, 
since the code interleaver effectively performs similar functions. 

Various interleaving schemes may be used for the channel interleaver. 
In one interleaving scheme, the coded bits (i.e., the information, tail, and parity 
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bits) for each packet are written (linearly) to rows of memory. The bits in each 
row may then be permutated (i.e., rearranged) based on (1) a bit-reversal rule, 
(2) a linear congruential sequence (such as the one described above for the code 
interleaver), (3) a randomly generated pattern, (4) or a permutation pattern 
5 generated in some other manner. The rows are also permutated in accordance 
with a particular row permutation pattern. The permutated coded bits are then 
retrieved from each column and provided to puncturer 117. 

In an embodiment, the channel interleaving is performed individually 
for each bit stream in a packet. For each packet, the information bits x, the tail 

10 and parity bits y from the first constituent encoder, and the tail and parity bits z 
from the second constituent encoder may be interleaved by three separate 
interleaves, which may employ the same or different channel interleaving 
schemes. This separate interleaving allows for flexible puncturing on the 
individual bit streams. 

15 The interleaving interval may be selected to provide the desired 

temporal and frequency diversity. For example, coded bits for a particular time 
period (e.g., 10 msec, 20 msec, or some other) and/ or for a particular number of 
transmission channels may be interleaved. 

20 Puncturing 

As noted above, for an OFDM communication system, the number of 
information bits that may be transmitted for each modulation symbol is 
dependent on the SNR of the transmission channel used to transmit the 
modulation symbol. And for an OFDM system operated in the MIMO mode, 

25 the number of information bits that may be transmitted for each modulation 
symbol is dependent on the SNR of the frequency subchannel and spatial 
subchannel used to transmit the modulation symbol. 

In accordance with an aspect of the invention, a number of 
coding/puncturing schemes may be used to generate the coded bits (i.e., 

30 information, tail, and parity bits) for transmission. In a first coding/puncturing 
scheme, a particular base code and common puncturing is applied for all 
transmission channels. In a second coding/puncturing scheme, the same base 
code but variable puncturing is applied for the transmission channels. The 
variable puncturing is dependent on the SNR of the transmission channels. 

35 FIG. 4A is a flow diagram of an embodiment for generating the required 

coded bits for a data transmission, which employs the base code and common 
puncturing scheme. Initially, the SNR for each transmission channel (i.e., each 
eigenmode of each frequency subchannel) is determined, at step 412. For an 



WO 02/062002 



PCT/US02/02143 



17 

OFDM system not operated in the MIMO mode, only one eigenmode is 
supported and thus only one SNR is determined for each frequency 
subchannel. The SNR for each transmission channel may be determined based 
on the transmitted pilot reference or via some other mechanism. 
5 At step 414, the number of information bits per modulation symbol 

supported by each transmission channel is determined based on its SNR. A 
table that associates a range of SNR with each specific number of information 
bits/modulation symbol, such as Table 1, may be used. However, finer 
quantization than the 0.5-bit step size for the information bits shown in Table 1 
10 may be used. A modulation scheme is then selected for each transmission 
channel such that the number of information bits /modulation symbol can be 
transmitted, at step 416. The modulation scheme may also be selected to take 
into account other factors (e.g., coding complexity), as described in further 
detail below. 

15 At step 418, the total number of information bits that may be transmitted 

in each time slot for all transmission channels is determined. This can be 
achieved by summing the number of information bits /modulation symbol 
determined for all transmission channels. Similarly, the total number of coded 
bits that may be transmitted in each time slot for all transmission channels is 

20 determined, at step 420. This can be achieved by determining the number of 
coded bits /modulation symbol for each modulation scheme selected in step 
416, and summing the number of coded bits for all transmission channels. 

At step 422, the total number of information bits determined in step 418 
is encoded with a particular encoder. If a Turbo encoder is used, the tail bits 

25 and parity bits generated by the encoder are punctured to obtain the total 
number of coded bits determined in step 420. The unpunctured coded bits are 
then grouped into non-binary symbols, which are then mapped to modulation 
symbols for the transmission channels, at step 426. 

The first coding/puncturing scheme is relatively simple to implement 

30 since the same base code and puncturing scheme are used for all transmission 
channels. The modulation symbol for each transmission channel represents a 
point in a signal constellation corresponding to the modulation scheme selected 
for that transmission channel. If the distribution of the SNR for the 
transmission channels is widespread, the distance between the constellation 

35 points relative to the noise variance for different signal constellations will vary 
widely. This may then impact the performance of the system. 

FIG. 4B is a flow diagram of an embodiment for generating the required 
coded bits for a data transmission, which employs the same base code but 
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variable puncturing scheme. Initially, the SNR for each transmission channel is 
determined, at step 432. In an embodiment, transmission channels with 
insufficient SNR are omitted from use for data transmission (i.e., no data is 
transmitted on poor transmission channels). The number of information bits 
5 per modulation symbol supported by each transmission channel is then 
determined based on its SNR, at step 434. A modulation scheme is next 
selected for each transmission channel such that the number of information 
bits/modulation symbol can be transmitted, at step 436. Steps 432, 434, and 436 
in FIG. 4B correspond to steps 412, 414, and 416 in FIG. 4A. 

10 At step 438, the transmission channels belonging to the same SNR range 

are grouped into a segment. Alternatively, ranges can be defined for the 
number of information bits per modulation symbol (e.g., range 1 covering 1.0 to 
1.5 information bits/modulation symbol, range 2 covering 1.5 to 2.0 
information bits /modulation symbol, and so on). In this case, transmission 

15 channels having number of information bits per modulation symbol within the 
same range are grouped into a segment. 

Each segment includes K x transmission channels, where K t can be any 
integer one or greater. The total number of information bits and total number 
of coded bits that can be transmitted in each segment are then determined, at 

20 step 440. For example, segment i may include Kj transmission channels, each of 
which may support transmission of N. information bits/modulation symbol 
and P. tail and parity bits /modulation symbol. For each time slot, the total 
number of information bits that may be transmitted in segment i can be 
computed as K.-Nj, the total number of tail and parity bits that may be 

25 transmitted can be computed as K.-P., and the total number of coded bits may 
be computed as I\(N. + P.). 

At step 442, the information bits to be transmitted in each time slot for all 
segments, which may be computed as ^KjNj, are encoded with a particular 

encoder (e.g., a rate 1/3 Turbo encoder such at the one shown in FIG. 3B). At 
30 step 444, N. information bits and Nj/R parity and tail bits are assigned to each 
transmission channel of segment i, where R is the coding rate of the encoder. 
The Nj/R parity and tail bits are then punctured to obtain the P. parity and tail 
bits required for each transmission channel of the segment, at step 446. At step 
448, the N. information bits and the P. parity and tail bits for each transmission 
35 channel of segment i are mapped to a modulation symbol for the transmission 
channel. 
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The second coding/ puncturing scheme may provide improved 
performance over the first scheme, especially if the distribution of SNR for the 
transmission channels is widespread. Since different modulation schemes and 
coding rate may be used for different transmission channels, the number of bits 
5 transmitted on each transmission channel is typically communicated from the 
receiver to the transmitter on the reverse link. 

Table 1 shows the quantization of the number of information 
bits /modulation symbol using 0.5-bit step size. The quantization granularity 
may be reduced (i.e., to be finer than 0.5-bit) if each segment (and not each 

10 transmission channel) is required to support an integer number of information 
bits. If K.-N. is required to be an integer, a larger integer value for K { allows for 
a smaller step size for N r The quantization granularity may be further reduced 
if the quantization is allowed to be carried from segment to segment. For 
example, if one bit needs to be rounded-off in one segment, one bit may be 

15 rounded-up in the next segment, if appropriate. The quantization granularity 
may also be reduced if the quantization is allowed to be carried over multiple 
time slots. 

To support an OFDM system (especially one operated in the MIMO 
mode) whereby different SNR may be achieved for the transmission channels, a 

20 flexible puncturing scheme may be used in conjunction with a common base 
encoder (e.g., a rate 1/3 Turbo encoder) to achieve the necessary coding rates. 
This flexible puncturing scheme may be used to provide the necessary number 
of tail and parity bits for each segment. For a high coding rate in which more 
tail and parity bits are punctured than retained, the puncturing may be 

25 efficiently achieved by retaining the required number of tail and parity bits as 
they are generated by the encoder and discarding the others. 

As an example, a segment may include 20 16-QAM modulation symbols 
and has a SNR that supports transmission of 2.75 information bits /modulation 
symbol. For this segment, 55 information bits (55 = 20x2.75) may be 

30 transmitted in 20 modulation symbols. Each 16-QAM modulation symbol is 
formed with four coded bits, and 80 coded bits are needed for 20 modulation 
symbols. The 55 information bits may be encoded with a rate 1/3 encoder to 
generate 122 tail and parity bits and 55 information bits. These 122 tail and 
parity bits may be punctured to provide the 35 tail and parity bits required for 

35 the segment, which in combination with the 55 information bits comprise the 80 
coded bits. 

Referring back to FIG. 1, puncturer 117 receives the interleaved 
information and parity bits from channel interleaver 116, punctures (i.e., 
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deletes) some of the tail and parity bits to achieve the desired coding rate(s), 
and multiplexes the unpunctured information, tail, and parity bits into a 
sequence of coded bits. The information bits (which are also referred to as 
systematic bits) may also be punctured along with the tail and parity bits, and 
5 this is within the scope of the invention. 

FIG. 3C is a diagram of an embodiment of a puncturer 117x, which may 
be used to provide variable puncturing of coded bits. Puncturer 117x is one 
implementation of puncturer 117 in FIG. 1. Using a set of counters, puncturer 
117x performs puncturing to retain P. tail and parity bits out of Q. tail and 

10 parity bits generated by the encoder for segment i. 

Within puncturer 117x, the interleaved tail and parity bits y INT and z INT 
from the two constituent encoders of the Turbo encoder are provided to two 
inputs of a switch 342. Switch 342 provides either the y 1NT tail and parity bits or 
the z INT tail and parity bits to line 343, depending on a control signal from a 

15 toggle unit 348. Switch 342 ensures that the tail and parity bits from the two 
constituent encoders are evenly selected by alternating between the two tail 
and parity bit streams. 

A first counter 352 performs modulo-Q addition and wraps around after 
its content reaches beyond Q-l . A second counter 354 counts (by one) the Q tail 

20 and parity bits. For each segment, both counters 352 and 354 are initially set to 
zero, switch 342 is in the up position, and the first tail or parity bit y ]mo is 
provided from multiplexer 346 by closing a switch 344 and appropriately 
controlling the multiplexer. For each subsequent clock cycle, counter 352 is 
incremented by P and counter 354 is incremented by one. The value of counter 

25 352 is provided to a decision unit 356. If counter 352 experiences a modulo-Q 
operation (i.e., the content of counter 352 wraps around), the tail or parity bit 
on line 343 is provided through switch 344 to multiplexer 346, which then 
provides the tail or parity bit as an output coded bit. Each time a tail or parity 
bit is provided from multiplexer 346, toggle unit 348 toggles the state of the 

30 control signal, and the other tail and parity bit stream is provided to line 343. 
The process continues until all Q { tail and parity bits in the segment are 
exhausted, as indicated by comparison unit 358. 

Other puncturing patterns may also be used and are within the scope of 
the invention. To provide good performance, the number of tail and parity bits 

35 to be punctured should be balanced between the two constituent codes (i.e., 
approximately equal number of y im and z im tail and parity bits are selected) and 
the unpunctured bits should be distributed relatively evenly over the code 
block for each segment. 
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In certain instances, the number of information bits may be less than the 
capacity of the transmission channels. In such instances, the available and 
unfilled bit positions may be filled with zero padding, by repeating some of the 
coded bits, or by some other scheme. The transmit power may also be reduced 
5 for some schemes. 

Gray Mapping 

In an embodiment, for each modulation scheme (e.g., QPSK, 16-QAM, 
64-QAM, and so on) selected for use, the points in the signal constellation for 

10 the modulation scheme are defined using Gray mapping. The Gray mapping 
reduces the number of bit errors for more likely error events, as described in 
further detail below. 

FIG. 5 is a diagram of a signal constellation for 16-QAM and a specific 
Gray mapping scheme. The signal constellation for 16-QAM includes 16 points, 

15 each of which is associated with a specific 4-bit value. For Gray mapping, the 4- 
bit values are associated with the points in the signal constellation such that the 
values for adjacent points (in the horizontal or vertical direction) differ by only 
one bit position. The values for points further way differ by more bit positions 
(e.g., the values for adjacent points in the diagonal direction differ by two bit 

20 positions). 

Each group of four coded bits (b 2 b 2 b 3 b 4 ) is mapped to a specific point in 
the signal constellation associated with the same value as that of the four coded 
bits. For example, a value of ("0111") for the four coded bits is mapped to a 
point 512 in the signal constellation. This point then represents the modulation 

25 symbol for the four coded bits. For 16-QAM, each modulation symbol 
represents a specific one of the 16 points in the signal constellation, with the 
specific point being determined by the value of the four coded bits. Each 
modulation symbol can be expressed as a complex number (c + )d) and 
provided to the next processing element (i.e., MIMO processor 120 in FIG. 1). 

30 At the receiver unit, the modulation symbols are received in the 

presence of noise and typically do not map to the exact location in the signal 
constellation. For the above example, the received modulation symbol for the 
transmitted coded bits ("0111") may not map to point 512 at the receiver unit. 
The noise may have caused the received modulation symbol to be mapped to 

35 another location in the signal constellation. Typically, there is greater 
likelihood of the received modulation symbol being mapped to a location near 
the correct location (e.g., near the points for "0101", ,, 0011 ,, / "0110", or '1111"). 
Thus, the more likely error event is a received modulation symbol being 
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erroneously mapped to a point adjacent to the correct point. And since 
adjacent points in the signal constellation have values that differ by only one bit 
position, the Gray mapping reduces the number of error bits for more likely 
error events. 

5 FIG. 5 shows a specific Gray mapping scheme for the 16-QAM signal 

constellation. Other Gray mapping schemes may also be used and are within 
the scope of the invention. The signal constellations for other modulation 
schemes (e.g., 8-PSK, 64-QAM, and so on) may also be mapped with similar or 
other Gray mapping schemes. For some modulation schemes such as 32-QAM 
10 and 128-QAM, a partial Gray mapping scheme may be used if a full Gray 
mapping scheme is not possible. Also, mapping schemes not based on Gray 
mapping may also be used and are within the scope of the invention. 

MIMO Processing 

15 FIG. 6 is a block diagram of an embodiment of a MIMO processor 120x, 

which is one implementation of MIMO processor 120 in FIG. 1. The 
modulation symbols may be transmitted on multiple frequency subchannels 
and possibly from multiple transmit antennas. When operating in the MIMO 
mode, the transmission on each frequency subchannel and from each transmit 

20 antenna represents non-duplicated data. 

Within MIMO processor 120x, a demultiplexer (DEMUX) 610 receives 
and demultiplexes the modulation symbols into a number of subchannel 
symbol streams, S a through S L , one subchannel symbol stream for each 
frequency subchannel used to transmit the symbols. Each subchannel symbol 

25 stream is then provided to a respective subchannel MIMO processor 612. 

Each subchannel MIMO processor 612 may further demultiplex the 
received subchannel symbol stream into a number of (up to N T ) symbol sub- 
streams, one symbol sub-stream for each antenna used to transmit the 
modulation symbols. When the OFDM system is operated in the MIMO mode, 

30 each subchannel MIMO processors 612 pre-conditions the (up to) N T 
modulation symbols in accordance with equation (1) described above to 
generate pre-conditioned modulation symbols, which are subsequently 
transmitted. In the MIMO mode, each pre-conditioned modulation symbol for 
a particular frequency subchannel of a particular transmit antenna represents a 

35 linear combination of (weighted) modulation symbols for up to N T transmit 
antennas. Each of the (up to) N T modulation symbols used to generate each 
pre-conditioned modulation symbol may be associated with a different signal 
constellation. 
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For each time slot, (up to) N T pre-conditioned modulation symbols may 
be generated by each subchannel MIMO processor 612 and provided to (up to) 
N T symbol combiners 616a through 616t. For example, subchannel MIMO 
processor 614a assigned to frequency subchannel 1 may provide up to N T pre- 
5 conditioned modulation symbols for frequency subchannel 1 of antennas 1 
through N T . Similarly, subchannel MIMO processor 612Z assigned to frequency 
subchannel L may provide up to NT T symbols for frequency subchannel L of 
antennas 1 through N T . Each combiner 616 receives the pre-conditioned 
modulation symbols for the L frequency subchannels, combines the symbols for 

10 each time slot into a modulation symbol vector, V, and provides the 
modulation symbol vector to the next processing stage (i.e., modulator 122). 

MIMO processor 120x thus receives and processes the modulation 
symbols to provide N T modulation symbol vectors, V 2 through V T , one 
modulation symbol vector for each transmit antenna. The collection of L pre- 

15 conditioned modulation symbols for each time slot of each antenna form a 
modulation symbol vector V of dimensionality L. Each element of the 
modulation symbol vector V is associated with a specific frequency subchannel 
having a unique subcarrier on which the modulation symbol is conveyed. The 
collection of the L modulation symbols are all orthogonal to one another. If not 

20 operating in a "pure" MIMO mode, some of the modulation symbol vectors 
may have duplicate information on specific frequency subchannels for different 
transmit antennas. 

Subchannel MIMO processor 612 may be designed to provide the 
necessary processing to implement full channel state information (full-CSI) or 

25 partial-CSI processing for the MIMO mode. Full CSI includes sufficient 
characterization of the propagation path (i.e., amplitude and phase) between all 
pairs of transmit and receive antennas for each frequency subchannel. Partial 
CSI may include, for example, the SNR of the spatial subchannels. The CSI 
processing may be performed based on the available CSI information and on 

30 the selected frequency subchannels, transmit antennas, and so on. The CSI 
processing may also be enabled and disabled selectively and dynamically. For 
example, the CSI processing may be enabled for a particular data transmission 
and disabled for some other data transmissions. The CSI processing may be 
enabled under certain conditions, for example, when the communication link 

35 has adequate SNR. Full-CSI and partial-CSI processing is described in further 
detail in the aforementioned U.S Patent Application Serial No. 09 /532,491. 

FIG. 6 also shows an embodiment of modulator 122. The modulation 
symbol vectors V t through V T from MIMO processor 120x are provided to 
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modulators 114a through 114t, respectively. In the embodiment shown in FIG. 
6, each modulator 114 includes an IFFT 620, cycle prefix generator 622, and an 
upconverter 624. 

IFFT 620 converts each received modulation symbol vector into its time- 
5 domain representation (which is referred to as an OFDM symbol) using the 
inverse fast Fourier transform (IFFT). IFFT 620 can be designed to perform the 
IFFT on any number of frequency subchannels (e.g., 8, 16, 32, and so on). In an 
embodiment, for each modulation symbol vector converted to an OFDM 
symbol, cycle prefix generator 622 repeats a portion of the time-domain 

10 representation of the OFDM symbol to form a transmission symbol for the 
specific antenna. The cyclic prefix insures that the transmission symbol retains 
its orthogonal properties in the presence of multipath delay spread, thereby 
improving performance against deleterious path effects. The implementation 
of IFFT 620 and cycle prefix generator 622 is known in the art and not described 

15 in detail herein. 

The time-domain representations from each cycle prefix generator 622 
(i.e., the "transmission" symbols for each antenna) are then processed by 
upconverter 624, converted into an analog signal, modulated to a RF frequency, 
and conditioned (e.g., amplified and filtered) to generate an RF modulated 

20 signal, which is then transmitted from the respective antenna 124. 

OFDM modulation is described in further detail in a paper entitled 
"Multicarrier Modulation for Data Transmission : An Idea Whose Time Has 
Come," by John A.C. Bingham, IEEE Communications Magazine, May 1990, 
which is incorporated herein by reference. 

25 For an OFDM system not operated in the MIMO mode, MIMO processor 

120 may be removed or disabled and the modulation symbols may be grouped 
into the modulation symbol vector V without any pre-conditioning. This 
vector is then provided to modulator 122. And for an OFDM system operated 
with transmit diversity (and not in the MIMO mode), demultiplexer 614 may be 

30 removed or disabled and the (same) pre-conditioned modulation symbols are 
provided to (up to) N T combiners. 

As shown in FIG. 2, a number of different transmissions (e.g., voice, 
signaling, data, pilot, and so on) may be transmitted by the system. Each of 
these transmissions may require different processing. 

35 FIG. 7 is a block diagram of an embodiment of a system llOy capable of 

providing different processing for different transmissions. The aggregate input 
data, which includes all information bits to be transmitted by system llOy, is 
provided to a demultiplexer 710. Demultiplexer 710 demultiplexes the input 
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data into a number of (K) channel data streams, B x through B k . Each channel 
data stream may correspond to, for example, a signaling channel, a broadcast 
channel, a voice call, or a traffic data transmission. Each channel data stream is 
provided to a respective encoder /channel interleaver/puncturer/ symbol 
5 mapping element 712 that encodes the data using a particular encoding scheme 
selected for that channel data stream, interleaves the encoded data based on a 
particular interleaving scheme, punctures the interleaved code bits, and maps 
the interleaved data into modulation symbols for the one or more transmission 
channels used for transmitting that channel data stream. 

10 The encoding can be performed on a per channel basis (i.e., on each 

channel data stream, as shown in FIG. 7). However, the encoding may also be 
performed on the aggregate input data (as shown in FIG. 1), on a number of 
channel data streams, on a portion of a channel data stream, across a set of 
frequency subchannels, across a set of spatial subchannels, across a set of 

15 frequency subchannels and spatial subchannels, across each frequency 
subchannel, on each modulation symbol, or on some other unit of time, space, 
and frequency. 

The modulation symbol stream from each encoder /channel 
interleaver/puncturer/symbol mapping element 712 may be transmitted on 

20 one or more frequency subchannels and via one or more spatial subchannels of 
each frequency subchannel. A MIMO processor 120y receives the modulation 
symbol streams from elements 712. Depending on the mode to be used for each 
modulation symbol stream, MIMO processor 120y may demultiplex the 
modulation symbol stream into a number of subchannel symbol streams. In the 

25 embodiment shown in FIG. 7, modulation symbol stream S x is transmitted on 
one frequency subchannel and modulation symbol stream S K is transmitted on 
L frequency subchannels. The modulation stream for each frequency 
subchannel is processed by a respective subchannel MIMO processor, 
demultiplexed, and combined in similar manner as that described in FIG. 6 to 

30 form a modulation symbol vector for each transmit antenna. 

In general, the transmitter unit codes and modulates data for each 
transmission channel based on information descriptive of the channel's 
transmission capability. This information is typically in the form of partial-CSI 
or full-CSI described above. The partial or full-CSI for the transmission 

35 channels to be used for a data transmission is typically determined at the 
receiver unit and reported back to the transmitter unit, which then uses the 
information to code and modulate data accordingly. The techniques described 
herein are applicable for multiple parallel transmission channels supported by 
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MIMO, OFDM, or any other communication scheme (e.g., a CDMA scheme) 
capable of supporting multiple parallel transmission channels. 

Demodulation and Decoding 
5 FIG. 8 is a block diagram of an embodiment of a decoding portion of 

system 150. For this embodiment, a Turbo encoder is used to encode the data 
prior to transmission. A Turbo decoder is correspondingly used to decode the 
received modulation symbols. 

As shown in FIG. 8, the received modulation symbols are provided to a 

10 bit log-likelihood ratio (LLR) calculation unit 158x, which calculates the LLRs of 
the bits that make up each modulation symbol. Since a Turbo decoder operates 
on LLRs (as oppose to bits), bit LLR calculation unit 158x provides an LLR for 
each received coded bit. The LLR for each received coded bit is the logarithm 
of the probability that the received coded bit is a zero divided by the 

15 probability that the received coded bit is a one. 

As described above, M coded bits {b lf b 2 , ... b M ) are grouped to form a 
single non-binary symbol S, which is then mapped to a modulation symbol T(S) 
(i.e., modulated to a high-order signal constellation). The modulation symbol is 
processed, transmitted, received, and further processed to provide a received 

20 modulation symbol R(S). The LLR of coded bit b m in the received modulation 
symbol can be computed as: 



LLRibJ =log 



= log(p(*(S) | b m = o))-log(p(R(S) | b m = l)) Eq (2) 

= log ^P[R(S) T(S)) -log £p(*(S) T(S)) 



where p[r(S) | b m - o) is the probability of bit b m being a zero based on the 

received symbol R(S). Approximations may also be used in computing the 
25 LLRs. 

De-puncturer 159 then inserts "erasures" for code bits that have been 
deleted (i.e., punctured) at the transmitter. The erasures typically have a value 
of zero ("0"), which is indicative of the punctured bit being equally likely to be a 
zero or a one. 

30 From equation (2), it can be noted that the LLRs for the received coded 

bits within a modulation symbol tend to be correlated. This correlation can be 



WO 02/062002 



PCT/US02/02143 



27 

broken up by interleaving the coded bits prior to modulation. As shown in 
FIG. 1, the channel interleaving advantageously performs the decorrelation of 
the coded bits in each modulation symbol. 

The coded bit LLRs are provided to a channel deinterleaver 160 and 
5 deinterleaved in a manner complementary to the channel interleaving 
performed at the transmitter. The channel deinterleaved LLRs corresponding 
to the received information, tail, and parity bits are then provided to a Turbo 
decoder 162x. 

Turbo decoder 162x includes summers 810a and 810b, decoders 812a and 
10 812b, a code interleaver 814, a code deinterleaver 816, and a detector 818. In an 
embodiment, each decoder 812 is implemented as a soft-input /soft-output 
(SISO) maximum a posterior (MAP) decoder. 

Summer 810a receives and sums the LLRs of the received information 
bits, LLR(x'), and the extrinsic information from deinterleaver 816 (which is set 
15 to zeros on the first iteration), and provides refined LLRs. The refined LLRs are 
associated with greater confidence in the detected values of the received 
information bits. 

Decoder 812a receives the refined LLRs from summer 810a and the LLRs 
of the received tail and parity bits from the first constituent encoder, LLR(y'), 

20 and decodes the received LLRs to generate extrinsic information indicative of 
corrections in the probability values for the received information bits. The 
extrinsic information from decoder 812a are summed with the received 
information bit LLRs by summer 810b, and the refined LLRs are stored to code 
interleaver 814. Code interleaver 814 implements the same code interleaving 

25 used at the Turbo encoder (e.g., the same as code interleaver 314 in FIG. 3B). 

Decoder 812b receives the interleaved LLRs from interleaver 814 and the 
LLRs of the received tail and parity bits from the second constituent encoder, 
LLR(2'), and decodes the received LLRs to generate extrinsic information 
indicative of further corrections in the probability values for the received 

30 information bits. The extrinsic information from decoder 812b is stored to code 
deinterleaver 816, which implements a deinterleaving scheme complementary 
to the interleaving scheme used for interleaver 814. 

The decoding of the received coded bit LLRs is iterated a number of 
times. With each iteration, greater confidence is gained for the refined LLRs. 

35 After all the decoding iterations have been completed, the final refined LLRs 
are provided to detector 818, which provides values for the received 
information bits based on the LLRs. 
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Other types of decoder may also be used beside the SISO MAP decoder 
such as one that implements the soft output Viterbi algorithm (SOVA). The 
design of the decoder is typically dependent on the particular Turbo coding 
scheme used at the transmitter. 
5 Turbo decoding is described in greater detail by Steven S. Pietrobon in a 

paper entitled "Implementation and Performance of a Turbo/Map Decoder," 
International Journal of Satellite Communications, Vol. 16, 1998, pp. 23-46, 
which is incorporated herein by reference. 

10 Modulation Scheme and Coding Rate 

The achieved SNR of each transmission channel supports a particular 
number of information bits per modulation symbol (i.e., a particular 
information bit rate) for a desired level of performance (e.g., 1% FER). This 
information bit rate may be supported by a number of different modulation 

15 schemes. For example, a bit rate of 1.5 information bits/modulation symbol 
may be supported by QPSK, 8-PSK, 16-QAM, or any higher order modulation 
scheme. Each modulation scheme is able to transmit a particular number of 
coded bits per modulation symbol. 

Depending on the selected modulation scheme, a corresponding coding 

20 rate is selected such that the required number of coded bits is provided for the 
number of information bits for each modulation symbol. For the above 
example, QPSK, 8-PSK, and 16-QAM are respectively able to transmit 2, 3, and 
4 coded bits per modulation symbol. For an information bit rate of 1.5 
information bits /modulation symbol, coding rates of 3/4, 1/2, and 3/8 are 

25 used to generate the required number of coded bits for QPSK, 8-PSK, and 16- 
QAM, respectively. Thus, different combinations of modulation scheme and 
coding rate may be used to support a particular information bit rate. 

In certain embodiments of the invention, a "weak" binary code (i.e., a 
high coding rate) is used in conjunction with a low-order modulation scheme 

30 for the supported bit rate. Through a series of simulation, it is observed that a 
lower order modulation scheme in combination with a weaker code may offer 
better performance than a higher order modulation scheme with a stronger 
code. This result may be explained as follows. The LLR decoding metrics of 
binary Turbo codes in an AWGN channel is near optimal for the Turbo 

35 decoding algorithm. However, for the Gray mapped high-order modulation 
scheme, the optimal LLR metrics are generated for each received modulation 
symbol and not each received bit. The symbol LLR metrics are then broken to 
yield bit LLR metrics for the binary code decoder. Some information is lost 
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during the break-up process, and using the bit decoding metrics may result in 
non-optimal performance. The lower order modulation schemes correspond to 
fewer bits per symbol, which may experience less of the break-up loss and 
therefore provide better performance than the higher order modulation scheme 
5 counterparts. 

In accordance with an aspect of the invention, in order to achieve certain 
spectrum efficiency, a code with a coding rate of between, and inclusive of, 
n/ (n+1) to n/ (n+2) is used with an appropriate modulation scheme, where n is 
the number of information bits per modulation symbol. This coding rate may 
10 be easily achieved with a fixed code (e.g., the rate 1/3 Turbo code described 
above) in combination with a variable puncturing scheme. To achieve a high 
coding rate, the tail and parity bits may be heavily punctured and the 
unpunctured tail and parity bits may be evenly distributed over the 
information bits. 

15 

Framing 

For many communication systems, it is convenient to define data 
packets (i.e., logical frames) with fixed sizes. For example, a system may define 
three different packets having sizes of 1024, 2048, and 4096 bits. These defined 
20 data packets simplify some of the processing at both the transmitter and 
receiver. 

For an OFDM system, a physical frame may be defined to include (1) an 
integer number of OFDM symbols, (2) a particular number of modulation 
symbols on one or more transmission channels, (3) or some other units. As 

25 described above, because of the time-variant nature of the communication link, 
the SNR of the transmission channels may vary over time. Consequently, the 
number of information bits which may be transmitted on each time slot for each 
transmission channel will likely vary over time, and the number of information 
bits in each physical frame will also likely vary over time. 

30 In one embodiment, a logical frame is defined such that it is independent 

of the OFDM symbols. In this embodiment, the information bits for each 
logical frame are encoded/punctured, and the coded bits for the logical frame 
are grouped and mapped to modulation symbols. In one simple 
implementation, the transmission channels are sequentially numbered. The 

35 coded bits are then used to form as many modulation symbols as needed, in the 
sequential order of the transmission channels. A logical frame (i.e., a data 
packet) may be defined to start and end at modulation symbol boundaries. In 
this implementation, the logical frame may span more than one OFDM symbol 
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and may further cross OFDM symbol boundaries. Moreover, each OFDM 
symbol may include coded bits from multiple data packets. 

In another embodiment, a logical frame is defined based on a physical 
unit. For example, a logical frame may be defined to include (1) a number of 
5 modulation symbols on one or more transmission channels, (2) one or more 
OFDM symbols, or (3) a number of modulation symbols defined in some other 
manner. 

The use of punctured binary Turbo code and Gray mapping (BTC-GM) 
for high-order modulation provides numerous advantages. The BTC-GM 

10 scheme is simpler to implement than the more optimal but more complicated 
Turbo trellis coded modulation (TTCM) scheme, yet can achieve performance 
close to that of TTCM. The BTC-GM scheme also provides a high degree of 
flexibility because of the ease of implementing different coding rate by simply 
adjusting the variable puncturing. The BTC-GM scheme also provides robust 

15 performance under different puncturing parameters. Also, currently available 
binary Turbo decoders may be used, which may simply the implementation of 
the receiver. However, in certain embodiments, other coding schemes may also 
be used and are within the scope of the invention. 

The foregoing description of the preferred embodiments is provided to 

20 enable any person skilled in the art to make or use the present invention. 
Various modifications to these embodiments will be readily apparent to those 
skilled in the art, and the generic principles defined herein may be applied to 
other embodiments without the use of the inventive faculty. Thus, the present 
invention is not intended to be limited to the embodiments shown herein but is 

25 to be accorded the widest scope consistent with the principles and novel 
features disclosed herein. 



WHAT IS CLAIMED IS: 
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CLAIMS 

1. In a wireless communication system, a method for preparing data for 
2 transmission on a plurality of transmission channels, wherein each 

transmission channel is operative to transmit a respective sequence of 
4 modulation symbols, the method comprising: 

determining a number of information bits per modulation symbol 
6 supported by each transmission channel; 

identifying a modulation scheme for each transmission channel such that 
8 the determined number of information bits per modulation symbol is 
supported; 

10 determining a coding rate for each transmission channel based at least 

on the determined number of information bits per modulation symbol and the 
12 identified modulation scheme for the transmission channel, wherein at least 

two transmission channels are associated with different coding rates; 
14 encoding a plurality of information bits in accordance with a particular 

encoding scheme to provide a plurality of coded bits; 
16 puncturing the plurality of coded bits in accordance with a particular 

puncturing scheme to provide a number of unpunctured coded bits for the 
18 plurality of transmission channels; and 

adjusting the puncturing to achieve the different coding rates for the at 
20 least two transmission channels. 

2. The method of claim 1, wherein the wireless communication system is 
2 a multiple-input multiple-output (MIMO) system with a plurality of transmit 

antennas and a plurality of receive antennas. 

3. The method of claim 1, wherein the wireless communication system is 
2 an orthogonal frequency division modulation (OFDM) communication system. 

4. The method of claim 3, wherein the OFDM communication system is 
2 operated as a multiple-input multiple-output (MIMO) system with a plurality 

of transmit antennas and a plurality of receive antennas. 

5. The method of claim 4, wherein the OFDM system is operative to 
2 transmit data on a plurality of frequency subchannels, and wherein each 

transmission channel corresponds to a spatial subchannel of a frequency 
4 subchannel in the OFDM system. 
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6. The method of claim 1, wherein the puncturing is based on 
2 transmission capabilities of the plurality of transmission channels. 

7. The method of claim 6, wherein the transmission capabilities are 
2 determined from channel state information (CSI) derived for the plurality of 

transmission channels. 

8. The method of claim 7, wherein the CSI includes signal-to-noise ratio 
2 (SNR) information for the plurality of transmission channels. 

9. The method of claim 7, wherein the CSI includes information related 
2 to transmission characteristics from transmit antennas to the receive antennas. 

10. The method of claim 7, wherein the CSI includes eigenmode 
2 information related to transmission characteristics from transmit antennas to 

the receive antennas. 

11. The method of claim 6, further comprising: 

2 grouping transmission channels having similar transmission capabilities 

to segments, and 
4 wherein the puncturing is performed for each segment. 

12. The method of claim 11, further comprising: 

2 assigning a group of coded bits to each segment, and 

wherein the puncturing is performed on the group of coded bits 
4 assigned to each segment. 

13. The method of claim 11, wherein each segment includes 
2 transmission channels having SNR within a particular SNR range. 

14. The method of claim 1, wherein the encoding is achieved via a Turbo 

2 code. 

15. The method of claim 14, wherein the encoding provides a plurality 
2 of tail and parity bits for the plurality of information bits, and wherein the 

puncturing is performed on the plurality of tail and parity bits. 
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16. The method of claim 14, wherein the puncturing is performed such 
2 that unpunctured tail and parity bits are approximately evenly distributed over 

the plurality of information bits. 

17. The method of claim 14, wherein the Turbo code includes two 
2 constituent codes operative to provide two streams of tail and parity bits, and 

wherein the puncturing is performed such that approximately equal number of 
4 tail and parity bits are deleted from the two streams of tail and parity bits. 

18. The method of claim 1, wherein the coding rate for each 
2 transmission channel is selected to be between, and inclusive of, n/(n+l) and 

n/(n+2), where n is the number of information bits per modulation symbol 
4 supported by the transmission channel. 

19. The method of claim 1, wherein the coding rate for each 
2 transmission channel is 1 / 2 or higher. 

20. The method of claim 1, wherein the encoding is achieved via a 
2 convolutional code. 

21. The method of claim 1, wherein the encoding is achieved via a block 

2 code. 

22. The method of claim 1, further comprising: 

2 inserting padding bits to fill available but unfilled bit positions in the 

plurality of transmission channels. 

23. The method of claim 1, further comprising: 

2 repeating at least some of the coded bits to fill available but unfilled bit 

positions in the plurality of transmission channels. 

24. The method of claim 1, further comprising: 
2 interleaving the plurality of coded bits. 

25. The method of claim 24, wherein the puncturing is performed on 
2 interleaved coded bits. 
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26. The method of claim 24, wherein the encoding is achieved via a 
2 Turbo code comprised of two constituent codes, and wherein the plurality of 

information bits, a plurality of tail and parity bits from a first constituent code, 
4 and a plurality of tail and parity bits from a second constituent code are 
separately interleaved. 

27. The method of claim 1, further comprising: 

2 forming non-binary symbols for the plurality of transmission channels, 

wherein each non-binary symbol includes a group of unpunctured coded bits; 
4 and 

mapping each non-binary symbol to a respective modulation symbol. 

28. The method of claim 27, further comprising: 
2 interleaving the plurality of coded bits, and 

wherein the non-binary symbols are formed from the interleaved coded 

4 bits. 

29. The method of claim 27, wherein the modulation scheme for each 
2 transmission channel is associated with a respective signal constellation having 

a plurality of points, and wherein each modulation symbol is representative of 
4 a particular point in the signal constellation for the modulation scheme. 

30. The method of claim 29, wherein the plurality of points in each 
2 signal constellation are assigned with values based on a particular Gray 

mapping scheme. 

31. The method of claim 30, wherein the values are assigned to the 
2 plurality of points in each signal constellation such that values for adjacent 

points in the signal constellation differ by one bit position. 

32. The method of claim 1, further comprising: 

2 adapting to changes in the plurality of transmission channels by 

repeating the determining the number of information bits per modulation 

4 symbol, the identifying the modulation scheme, and the determining the 
coding rate. 
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33. The method of claim 1, wherein the modulation scheme for each 
2 transmission channel supports transmission of two or more coded bits per 

modulation symbol. 

34. The method of claim 1, wherein the transmission on the plurality of 
2 transmission channels are intended for a single recipient receiving device. 

35. In an orthogonal frequency division modulation (OFDM) 
2 communication system, a method for preparing data for transmission on a 

plurality of transmission channels, wherein each transmission channel is 
4 operative to transmit a respective sequence of modulation symbols, the method 
comprising: 

6 determining a number of information bits per modulation symbol 

supported by each transmission channel; 
8 identifying a modulation scheme for each transmission channel such that 

the determined number of information bits per modulation symbol is 
10 supported; 

determining a coding rate for each transmission channel based at least 
12 on the determined number of information bits per modulation symbol and the 
identified modulation scheme for the transmission channel, wherein at least 
14 two transmission channels are associated with different coding rates; 

encoding a plurality of information bits in accordance with a particular 
16 Turbo code to provide a plurality of tail and parity bits; 

interleaving the plurality of information and tail and parity bits in 
18 accordance with a particular interleaving scheme; 

puncturing the plurality of interleaved bits in accordance with a 
20 particular puncturing scheme to provide a number of unpunctured coded bits 
for the plurality of transmission channels, wherein the puncturing is adjusted to 
22 achieve the different coding rates for the at least two transmission channels; 

forming non-binary symbols for the plurality of transmission channels, 
24 wherein each non-binary symbol includes a group of unpunctured coded bits; 
and 

26 mapping each non-binary symbol to a respective modulation symbol. 

36. A wireless communication system operative to transmit data on a 
2 plurality of transmission channels, wherein each transmission channel is used 

to transmit a respective sequence of modulation symbols, the system 
4 comprising: 
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an encoder configured to encode a plurality of information bits in 
6 accordance with a particular encoding scheme to provide a plurality of coded 
bits, and to puncture the plurality of coded bits in accordance with a particular 
8 puncturing scheme to provide a number of unpunctured coded bits for the 
plurality of transmission channels, wherein each transmission channel is 
10 capable of transmitting a particular number of information bits per modulation 
symbol via a particular modulation scheme selected for the transmission 
12 channel, wherein each transmission channel is further associated with a 
particular coding rate based at least on the number of information bits per 
14 modulation symbol supported by the transmission channel and its modulation 
scheme, wherein at least two transmission channels are associated with 
16 different coding rates, and wherein the encoder is further configured to adjust 
the puncturing to achieve the different coding rates for the at least two 
1 8 transmission channels . 

37. The system of claim 36, further comprising: 

2 a channel interleaver coupled to the encoder and configured to 

interleave the plurality of coded bits, and 
4 wherein the encoder is configured to puncture the interleaved bits. 

38. The system of claim 37, further comprising: 

2 a symbol mapping element coupled to the channel interleaver and 

configured to form non-binary symbols for the plurality of transmission 

4 channels, and to map each non-binary symbol to a respective modulation 
symbol, wherein each non-binary symbol includes a group of unpunctured 

6 coded bits. 

39. The system of claim 38, further comprising: 

2 a signal processor coupled to the symbol mapping element and 

configured to pre-condition the modulation symbols for the plurality of 

4 transmission channels to implement a multiple-input multiple-output (MIMO) 
transmission. 
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